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I 
RJRR>SE AND HYR>THESIS 
The ?J.rpose o:r this study is three-fold, (1) to investigate the 
range of theoretical balanced stand structures existing in u.neven-aged 
Engelmann spruce-subalpine fir stratum on the Utah State University 
Forest, (2) to determine present stand growing stock volume and value, 
and stand incren:ent volume and value of these existing structures, and 
(3) to consider the structures in the range as possible forest manage-
n:ent alternatives and to rank the potentialities of these various 
alternatives on the basis o! a marginal investment analysis. 
The ey1;>0thesis of the investigation holds that a range of balanced 
stand structures can be delineated through the sampling of management 
inventory plots already- established in the stratum, and that there are 
stand structures within these limits toward 11hich the forest manager may 
plan in the regulation of the growing stock of individual uneven-aged 
stands to achieve the most economically- effective use of the productive 




A forester's responsibility- in the formla.tion of wol'king plans for 
a timber producing unit or working circle has three basic objectives: 
1. To assure an adequate and continu011s now of timber ripe for 
harvest to sustain the present and future needs of the mill, community 
or industry depending upon the working circle . 
2. To make the most advantageous utilization of the productive 
capacity or the forest soil !or wood products. 
3. To affect the highest possible direct and indirect uses of the 
forest in perpetuity. 
Ir · different systems or silviculture are to be used in different 
forest stands of the working circle, different sets of working rules or 
prescriptions must be drawn !or these stands to achieve the first two 
objectives of management. Stands treated with the sane silvicultural 
prescriptions are collectively known as working groups and are described 
as Qthe area (forming the whole or part of the working circle) organized 
with a particular object and subject to on~ and the same silvicultural 
system and the same set of working prescriptions 11 (Brasnett, 195.3). 
The working group is the area ·oasis for regula. tion of the yield or 
harvest. The volume of growing stock and increment of the individual 
stands in the working group are the elements of production utilizing the 
forest soil for the yield of cellulose in tree form. Through the working 
group, it is possible to work tCJWard the control of production and the 
most advantageous utilization of the forest site. 
Two general types of silvicultural treatment, classified on the 
basis of the characteristics of the forest stands resulting from final 
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harvest cuttings, are: 
1. The Uniform System., producing even-aged stands 
2. The Selection System, with single tree or group selection, 
producing all-aged or uneven-aged stands. 
Uniform Silvicultural System 
Working groups managed under the Uniform System ideally consist of 
a series of even-aged stands ranging in age from established seedlings 
to rotation-age mature timber. The volume of growing stock in the working 
group depends upon the selected rotation or age of the stands when clear-
cut, and stand density of the stands throughout the range of ages. tong 
rotations require a large investment in growing stock and yield large 
size trees with high product value. Short rotations require smaller 
investments in growing stock and yield final harvests of smaller trees 
with smaller unit value. 
A rotation suitable to the silvics of the tree species, modified by 
technical and economic considerations, resolves the long-term growing 
stock goals for the working group. This long-term goal implies the so-
called normal age class arrangement among the stands and an optimum or 
desired stocking for stands of each age class. The working group 
growing stock, i~ this normal form, contains the minimum investment in 
growing stock to fully utilize the productive capacity of the species 
and site for the production of the desired product. However, the long-
term goal may be altered in the future due to technical and economic 
changes affecting the industry or mill dependent upon the working circle 
for wood raw materials. Therefore the initial growing stock and incre-
~ent g~als may never be realized, but the goals !IDlst always be set at 
each revision of the operational plans to provide for continuity of 
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management prescriptions and their execution. 
Selection Silvicultural System 
On the other hand, stands to be managed on the basis of all-aged 
or uneven-aged stand characteristics are combined into working groups 
to be handled by single tree or group selection silvicultural methods. 
Stands or subcompa.rtments within the working group are not clear-cut bu.t 
a portion of the growing stock is maintained to serve as the 'basis ror 
the next cyclic harvest cut. The volume in the working group as a whole 
will remain relatively constant in amount and distribu.tion by tree sizes 
to permit the harvest of the growth potential or the site on a continu-
ous 'basis. The controlling element is no longer the rotation with its 
concomitant area-age class stand distribu.tion; instead, it is the cutting 
cycle and the number of trees by diaEter classes frequency distribu.tion 
in the individual stands . The ideal structure I1111st be aEnable to the 
silvical characteristics o! the species, and yet capable o! providing a 
continuous harvest o! wood equivalent to the growth capacity or the site. 
Existing working groups o! both even-aged and uneven-aged character-
istics, especially in early stages o! management, usu.ally are abnormal. 
The abnormality implies either an excess or deficiency of growing stock. 
In the even-aged working group the growing stock abnormalities may 
be described by (l) an irregular age-class distrib.ition, (2) lack of 
certain age classes, or (3) understocking in the stands. 
In the uneven-aged working group the growing stock abnormality may 
be described by (l} irregular distribu.tion o! tree sizes within indi-
vidual stands, (2) the lack of certain tree sizes, (3) a distribu.tion of 
trees by- diaEter classes other than that desired by the forest manager, 
or (4) to understocking . 
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Regulation of the Uneven-aged Working Group 
Under both .;.sn-a.gc::i =:.nd all.-a.ged stand conditions, the gross 
volume increment of stands is the sum of the wood growt.'l laid upon each 
tree in the stand over a prescribed period of time. The gross growth 
my be harvested by the cutting of individual trees in the stand. 
In the case of an even-aged working group, the increment is har-
vested as yiel.d by clear-cutting parts or all of individual stands in 
the older age classes, and in addition by intermediate cuts in the form 
of thinnings in the younger age classes. 
In the case of an uneven-aged working group, on the other hand, the 
increment may be harvested as yield from each stand i'fithin the working 
group. To maintain the distribution of size classes in each stand, the 
harvest 1111st cone by cutting merchantabl.e individual trees throughout 
the range of diameter classes in proportion to the volume increment in 
each diameter class. This-harvest cut combines the harvest of mature 
trees and intermediate thinnings in one operation. If it is desired to 
maintain the stand structure, the harvest will be equal to the antici-
pated net stand increment over the proposed cutting cycle. If it is 
desired to change the volume of growing stock and its stand structure, 
the harvest cut will be either more or less than the increment over the 
proposed cutting cycle; moreover, the proportion of the harvest cut taken 
from each diameter class will be adjusted to facilitate the change in 
structure. 
Characte:ristics of All-aged or Uneven-aged stands 
The ideal all-aged or selection stand consists of an intimate inter-
mingling of trees of all ages on a given stand area. More typically, 
such stands have trees frequently segregated into small even-aged groups. 
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These groups or patches tend to be small and scattered. Although they 
could be mapped as age-class areas for regulatory ?J.rposes, this would 
be an impractical possibility when dealing with working groups of con-
siderable area. They may be silviculturally treated as individual. units, 
but, nevertheless, they are classified for regulatory p.trposes as a part 
of the uneven-aged stand. Stand structure, as represented by the number 
of trees by diameter classes and the ratio of the number between adjoin-
ing diameter classes rather than age and area, becomes a suitable 
descriptive measure for these stands. 
The rmmber of trees by diameter cl.asses is used to describe the 
stand structure instead of number of trees by age classes. Age is of 
crurse implicit in the structural description, but under all-aged or 
uneven-aged stand conditions there is a relatively poor correlation, and 
especially in unmanaged stands, between tree age and tree diameter; 
consequently, age cannot be estimated accurately from diameter under 
such stand conditions. Generally, in uneven-aged stands, tree diaill3ter, 
cr01fn position and size are better indicators of relative vigor and 
increment than is age since intensity and the character of the competi :. 
tion among adjoining trees directly influence diameter growth. At 
breast height, as a case in point, an unmanagbd, normally stocked, even-
aged, seventy-year-old stand of Douglas fir on Site I, Site Index 195, 
with an average diameter of 17. 8 inches and a coefficient of vari.a tion 
of 26,9 percent, contained trees ranging from J.4 inches in diameter at 
breast height to 32.2 inches at the l. percent confidence level (Meyer, 
W. H. , 1930). In uneven-aged stands of the Engelmann spruce-subalpine 
fir type many understor;r trees, subalpine fir most specifically, attain 
a total height of only two to three feet at 40 years, while other 
adjoining _ trees of the same age• but under the influence of greater 
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light i:rteDSity anc root S?i,C'.! are six inches in di.a?!et.er at breast 
height at the sa:ue age. 
?O!"esters (~chel, 1953} have argued that the all-aged or '.llleven-
a~,; stao~-S are :!I.Ore ;,rodll.ctive than even-aged stands on the same site 
and relative density since the vertical layers of soil and air space 
are c0t:ti.mlousl7 uaed by- the all-aged stand components and thereb;y the 
factors of the site are l!IOre fully utilized; moreover, stand cover, 
continuously maintained, provides l:lOre stable mi.crocl.imate for soil 
nora and fauna irhich are important elements a!fecting soil productiv-
ity. In addition, harvesting operations under a properly conducted 
selection system rel!IO'Ve trees from all merchantable diameter classes 
with the objective or leaving suitable growing stock in all diameter 
classes to utilize efficiently the avail.able soil and air spa.ce. 
This study has not been made to show the relative merits of the two 
types of stand conditions, but to ascertain a means by- which the forester 
might select the ecologically sound and financially advantageous stand 
structure or structures for a working group consisting of uneven-6ged 
stands of species with critical microcl.i.matic site requirements for the 
establishment of regeneration. 
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III 
REVll.W OF LITERA.'IDRE 
Stand Structures Classification 
The stand structure classification or al.1-aged or uneven-aged 
stands may be described from certain parameters. It would appear 
obvious that the number of trees by age classes would praYide the best 
basis for classification; however, as pointed out in the previous section, 
age is a difficult parameter to measure when compared to diaDJ!ter, height, 
crown spread, or crown class. Also, it is difficult to obtain age on a 
correlation basis with the more easily measured parameters due to the 
effect of competition, this being especially true in stands containing 
trees of a wide range in ages. 
Five general approaches for the description and classification of 
stand structure were noted in the literature: 
1. Number of trees by diameter breast high classes. 
2. Basal area per acre by diameter breast high classes. 
J. Horizontal projection of crown area by diameter breast high 
classes. 
4. Crown position in the forest canopy by tree crown classes. 
5. Vertical height distribution by tree cro...,n class ~.si. 
Stand structure as defined in Forest Terminology (Society of Ameri-
can Foresters, 1.941) is "the constitution or frequency of trees in a 
stand with respect to age, crown, diameter, and tree classes. 11 It would 
appear from this definition all four i:arameters would be needed for a 
complete stand structure description and classification; however, to 
utilize four parameters for a structural descr~ption and at the same time 
show variations in stand volume, value, and increment by structures would 
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present a formidable problem. Most investigators have utilized only one 
or two or these parameters in the descriptive or classification schemes. 
Number or trees by diameter classes in balanced all-aged stand 
structures tend to form a negatively sloped exponential function (Meyer, 
H., 1933; Boilley, 1920). Basal area by diameter classas tends toward 
the normal probability distribl.tion but with poorly defined tails. 
Meyer, H. (1933, 1952, 1.956) bas probably done the most to reduce diam-
eter frequency distributions in all-aged stands to definable mathematical 
terms, thereby facilitating analytical. description of' such balanced 
structural types. He has also done the same with the basal area distri-
bution relationship. These are two methoda permitting a mathematical 
description of stand structures and thereby provide a means o:f objectively 
expressing variations in the structure of' uneven-aged stands. Baldwin 
(1925) used a specialized gra:Eii to describe stand structures using both 
IltllDber of trees and basal area by diameter classes. Matthews (1935) 
developed all-aged control tables from data a.dapted from normal yield 
tables to describe the balanced all-aged stand structures. His all• ·'.l.ged 
control tables required the setting of a rotation and provided a means 
of calculating basal area per acre and number of trees per acre for 
diameter groups assoc ia. ted with age from merchantable limits to rotation 
age. 
Many other investigators have used the diaiooter frequency curve, 
notably: Wohl.forth (1.953), Paszewske (1931), Schaeffer (1930), Gazin, 
De Alvery, Boilley (1920), Patterson (1958), and others, to describe 
stand abnormalities and to explain probable measures for adjustment of 
stand abnormalities. 
Crown area by- diameter classes was developed by Stoa te (1940, 1941) 
to describe stand structure. The rel.a tionship between the sum of crown 
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areas per diameter classes closely conforms to the nonnal distribution 
curve . Stoate (1939) lias also used crown ratio, i.e., the percentage 
of total crown cover by- diameter classes, and obtained a curve similar 
to the normal probability curve. However, other than graEilically 
describing this relationship, nothing more bas been done with it to 
permit analytical descriptions of differing structures. Consequently a 
mathematical basis has not been provided to fit possil;>le structural 
variations. 
Kestler (1953, 1.956, 1958) gra?1ical.ly represented stand structure 
on the basis of crO\rn diagrams and stem arrangements. He used diagram-
ma. tic plans and profiles to describe different stages o.f stand development. 
This method provides an. excellent means for studying competition between 
species and stand components and is applicable to both even-aged and al.1-
aged stands or any gradation between. 
Olberg (1953) and Leibendgiet (1945) described stands on the basis 
o.f their vertical structure. This method provides insight into the 
movement of trees from crown-class to crown-class but does not provide 
.for a nunerical description usuable for the identification of variations 
in stand structure. 
The 1I10st desirable measure of stand structure from the regulatory 
point of view should be objectively descriptive and provide a numerical 
basis for classification of balanced structural differences. Ideally, 
the data needed for stand structure classification should be available 
within routine .forest inventory data. 
Stand Structure Variations 
Systematic studies of the variations of stand structure within 
specific forest types ha"Te been made by- Meyer and Sal.Cana (1937) in the 
ll 
virgin forests of the state of Pueplo, Mexico; Meyer and Stevenson 
(1943), Meyer _and Youorski (1942) in virgin beech, birch, maple, hemlock 
type in Pennsylvania; Veyer (1942) in the oak-pine type in ~nnsy1vania; 
Meyer (1951) in Swiss balanced all-aged stands. Data were collected by 
100 percent tally on several 1.5- to 20-acre areas within the virgin 
type, or in compartments ot' managed Swiss selection forests "plenter-
wald." The variability in structure was based on the relationship 
between 'k' and 'a' in the exponential relationship of number of trees 
by diameter classes; y = k • e-ax, 'k' being the 'y' intercept of zero 
diameter class and 'a I being the slope of the exponential function. A 
series of graded structures were obtained and compared on the basis of 
mimber of trees by diameter classes, proportion of volume and basal area 
by diameter classes, and total volume. 
Other investigators have described the structures of selection 
forests, either virgin or managed, but not on a systematic basis. Jones 
(194.5) has written on the structure and reproduction of virgin forests 
in the North Temperate Zone; Susmet (1952) on normal spruce stands in 
Comelco; Gerasimov (1948) of the structure and quantitative features of 
virgin stands in Russia; Kugler (1942) of managed stands in Germany; 
Heger (1944, 1954) on quasi-virgin forests in eastern Europe; Fekite 
(1945) on the structure of Hung~rian Oak forests; Iostler (1953, 1956, 
1958) on the selection forests in Germany; Safar (1954, 1948) on Abies 
alba forests in Croatia; Schaeffer et al. (1930) of the Sapenieres la 
Jardinage; Wobst (1944) on selection forests of the Riesengeberge. 
Information on the general coverage of each author was obtained from 
abstracts, with the exception of the work of Schaeffer et al. (1930) in 
complete translation. The article by Hausrath (193~) contained a com-
prehensive survey of existing knowledge at that time of selection 
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forests and listed ll9 papers in reference. 
Other references, notably Boilley (1920} and Knuchel (1946), con-
tain much information on selection management and stand structure. 
Application or Stand Structure to Regulation 
The use of stand structure as a tool in forest regulation involves 
the selection of a desired balanced structure as the long term goal 
toward which present stand conditions are to be projected. The yield 
or allowable harvest can be allocated among the stand diameter classes 
to facilitate a gradual shift, cutting cycle by cutting cycle, toward 
the desired structure • 
Most of the literature applicable to the regulation of the growing 
stock of all or uneven-aged stands use diameter distribution as the tool 
for allowable cut determination. It was emphasized by Prodan (1947, 
1949) that this comi:arison with the normal. structure was principally an 
aid in planning silvicultural measures or decisions relative to the 
selection of trees for harvest. 
However, in most cases, if not all, the selected of the desired 
ultimate structure has been made by the forester's subjective judgment 
based on the biological health of the forest. Structures of growing 
stock for forests under management over extended periods were frequently 
selected as the model or desired no nnal. Prodan (1949) felt it was an 
essential complement to the intuitive silvicultu.ral approach to selection 
forestry. This guide was especially import.ant in early stages of 
selection forestry. 
Meyer (1943) recommended the choice of structure be based on data 
from existing managed forests producing either naxi.mum yields or highest 
financial returns. Until these are available, the structure of virgin 
forests should serve as guides. He felt the ideal could usually be 
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found somewhere between the extremes from well stocked virgin forests 
and soroowhat understocked stands. He urged studies be ma.de in the 
remaining virgin stands before they disappear. 
Kastler (1953) felt there should be models available for comparison 
with individual stands at different stages of development. He proposed 
and developed a diagrammatic plan view and stand profile as a method of 
expressing the corn.FS,rison. However, his concept might be difficult to 
apply in allowable cut determinations. 
Olberg (1953) has devised a similar approach based on vertical 
structure applicable to various types of stands from pure even-aged to 
virgin all-aged. It was designed to trace the step by step replacement 
of trees in the stand. 
The selection of the ideal or normal structure for any area appears, 
at present, to be very subjective, whether based on successfully managed 
forests of the same forest type or upon virgin stands. Obviously there 
is an array of silviculturally sound structures for a forest type . A. 
more objective method should be developed to permit the forester to make 
a selection from within this array. 
A.she (1926) suggested the us~ of marginal return analysis to show 
the effect of cuttings which take various proportions of individual 
d:iameter classes in a specific structure. The objective would be to 
determine the optimum cut in relation ~o the value of the residual grow-
ing stock and its val 11e increment. 
Herrick (1945) suggested a guide for cutting stands of knovm 
structure but mac'.e no mention of the development of the stands after 
cutting. The cutting would be made to minimum diameter limits to obtain 
lOV1est operational costs per tlDJ.sand board feet, it being applicable to 
liquidation operations or for conversion of uneven-aged stands to some 
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undetermined structure. 
Iuerr, Fedkew, and Guttenburg's (1956) ccncept of financial. 
maturity provides a guide for the selection of trees to be removed in 
uneven-aged stands • 
Duerr and Bond (1952} also suggested the use of the marginal 
analysis to determine optimum investment in growi ng stock. Infornation 
needed was original. stand structure data, growth rate by diameter 
classes, timber values per unit of volume for each diameter class, timber 
growing costs for residual stands of different densities, and interest 
rate or opportunity cost. 
Optimum residual growing stock was based on the marginal. value 
growth percent in relation to increments of growing stock .,al.ue. How-
ever, it was developed under the assumption that the forest manager had 
already determined the best diameter distribution to maintain, this 
diameter distribution being defined in terms of a •q I ratio or relation-
ship between a number of trees in adjoining larger diameter classes. An 
increase in growing stock volume, while maintaining the •q I ratio, is 
essentially the act of increasing the 'k' coefficient in the exponential. 
function y = k e-ax, and holding constant the 1a' coefficient. The 
exponential function defines the numbers of t~ees per acre 'Y' in 
diameter class •x 1 • 
Meletic (1954) investigated the influence of shorter cutting cycles 
on the val.ue composition of the current annual increment of a theoreti-
cally normal selection forest stand. This approach would have great 
value in the marginal return analys i s . 
There are many illustrations of selection management in which stand 
structure has been used as a guide. 
Probably the most notable ;are those of De Liocourt (1898), Boilley 
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(1920), and Knuchel (1946). Others, such as Pasquier (1924), Wallmo 
(1948), Heger (1944), Safar (1948), Tregubov (1950), Stevenson (1940}, 
and Reynolds (1948, 1954), are veey- interestmg. 
Eough (1954) in his article, "Control Method in the Age of Aerial 
Riotography", outlined a method seemingly applicable to the large working 
groups in the country. Sampling methods and a concept of desired normal 
structure based . on frequency by diameter class were described as a basis 
for allowable cut calculations and control of cutting . 
Kirkland (1934) suggested a similar approach except for the use of 
aerial photograµiy and the stand structure diagram. His proposal con-
templated the regulation of the cut by methods free from over-refinement 
during the initial period of management. Regulation was to go hand in 
band with the silvicultural objective seeking the best balance between 
capital represented by the growing stock and earnings represented by the 
allowable cut. He provided for control of the harvest, and provisions 
for regeneration and stand structure maintenance, by the cutting of 
selected trees throughout the range of the merchantable diameter classes. 
l.6 
I.V 
THE CONCEPl' OF STAND STRlJC'lURE FOR 'IRIS INVESTIGATION 
Stand structure, as defined int.his investigation, is the distribu-
tion or number of trees by diameter classes in the ·rorest stand. Stand 
structure, so defined, however, does not completely describe forest 
stands. If it did, it would include such factors as tree species, crown 
size, height, crown and root competition. All of these, with the excep-
tion of root competition, coul.d be described by plan and profile 
sections of the stand. Such a detailed description would be very useful 
for ecological studies, rut it would contain so maey variables as to 
defy objective description for comi:arative purposes. 
One element, frequency by diameter classes, has been used to 
describe varying stand structures for both even and all-aged stands. ii. 
Meyer (1930) described the various stand structures of even-aged Douglas 
fir stands. H_e found the distribution by diameter classes approaches the 
normal curve and defined differences on the basis of skewness and kur-
tosis and classified them into Charlier and Pearsonian curve types. 
The characteristic distribution of all-aged stands is that ·of a 'J' 
shaped curve. De Liocourt (1898) and others used this curve type as 
suitable description or all-aged 'selection' stands. Mathematically the 
'J' shaped curve represents a geometric progression or an inverse 
exponential function of the nature y c k e-ax. The •a' and 1k I coeffi-
cients characterize the particular type or exponential function; the 'Y' 
is the number of trees per acre for each diameter class •x 1 • The con-
stant 1k' is the 'Y' intercept at zero diameter and 'a I the exponential 
rate of change between infinitely small changes in diameter.· Logarith-
mically, the function is transformed into l,:,g y "' log k - a•log e • x. 
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Plotted on semi-logarithmic paper, the distribution is a straight line: 
y 1 • k ' - a I x 1 • The value "a log e II is the rate of change. 
The rate of change between one-inch diameter classes is expressed 
as a 1q 1 ratio equal to ea; for two-inch diameter classes as a 1q 1 ratio 
equal to e2a; tor four-inch diameter classes as e4a. The 'q I ratio for 
a distribu.tion can be determined by dividing the number of trees in one 
diameter class by the number 1n the next larger diam!ter cl.Ass. The 
relationship between the 1q I ratio and the •a I coefficient can be shown 
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Figure l. Relationship between 1q I ratio and the 1a I coefficient 
For one-inch diameter classes: 
q • L e k e -a~ r e -al.4 + al5 • e a 
y k e -al 
For two-inch diameter classes: 
k e -al.4 4 q. k e -al~. e -al + al2. e 2a 
The 1q I ratio then expresses the proportional increase in number of 
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tr~es for each succeeding small diameter class but !llllSt be defined whether 
for one-, two-, four, etc.-inch diameter class interval. 
The 1q I ratio or the 'a' coefficient do not in themselves completely-
describe the stand structure since stands of different total number of 
trees per acre may have identical 'a' coefficients or 'q' ratios. 
The 'k' coefficient or 1y' intercept at zero inches in diameter 
serves t.o identify the relative height of the distribution curve and 
consequently the relative stocking. 
The following figures show the relationship between 'a', 'k 1 , and 
'q I values on ordinary grapi piper and on semi-logarithmic paper: 
,- - - -1 q ratio or 
1 --J 8 a : ;"---
I 
o 8 9 . 
DBH classes--inches 
I 
Figure 2. Ora.inary- gra!Xl paper 
f log y .. log k - a log e X u 
QI 
O 8 9 
q ratio or 
•a log e' 
DBH classes-inches ·x 
Figure 3. Semi-logarithmic paper 
Theoretically, this 1J 1 shaped distribution is characteristic of a 
balanced all-aged stand. Such stands contain a proportionally small 
number of trees of large diameter. The number of trees in successively 
small diameter increase by a ratio equal to 1q I if based on diameter 
classes and 'a' if of infinitely small units of diameter. 
GrO'l'fing space in unmanaged, uneven-aged stands of balanced 
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structure, released through death of senescent trees, is gradually 
occupied by- large numbers of seedlings when conditions favorable for the 
establishment of regeneration are present. In addition, adjacent 
vigorous trees of small, intermediate, and large size also seek to 
utilize the newly available _growing space. a . portion of the trees in 
every diameter class are unable to effectively meet competition and 
gradually sink into lower and lower _ energy levels; more vigorous trees 
step more rapidly into larger diameter classes. In this way probably the 
balanced stand structure is maintained or gradually shifted to another, 
yet slightly different, stand structure. Climatic periods with less than 
average moisture during the growing season tend to encourage a reduction 
in number of trees in all diameter classes, and periods of increasing 
moisture in turn encourage a greater stand densit-.r through reduced 
mortality and better conditions for regeneration establishment . It has 
been theorized by H. Meyer (l.94.3) that there is tendency for balanced 
stand structures in virgin beech, birch, maple, hemlock stands in 
northern Penn_sylvania to gradually shift toward structures with lower 'k 1 
and 'a I coefficients through the increasing proportion of trees in the 
larger diameter classes. Eventually this trend is reversed as the 
greater number of the larger trees reach senescence and the resulting 
structure carries a smaller volume per acre but witti a greater number of 
trees per acre. It is conceivable that the growing stock on a particula. r 
area could run the gamt of balanced structures over an extended time 
period, barring natural disturbances from fire, insects, or man. 
Gurnaud (1887) pointed out that if the 1J 1 shaped distribution is 
typical of undisturbed stands of tolerant spec i es, then this structure 
provides a key to the selection of the ideal structure for managed, 
uneven-aged stands. In these managed stands, harvest cuts can be used 
20 
to maintain or change the structure; The range of structures found in 
undisturbed, natural stands, however, serves as a useful guide to the 
selection of the desired structure goals for managed stands. 
The stand structure, then, becomes the controlling element for the 
volume and character of growing stock needed to permit the harvest of 
the growth capacity or the site on a continuous basis. It rep1aces the 
rotation as the basis for regulatory control.. The concept of the rota-
tion is held implicitly and sets the upper diameter limit of the growing 
stock rut does not control the vol~ of growing stock. The harvest 
cuts come not only from the oldest and largest trees but froI!l every 
merchantable diameter c1ass and are controlled by the volu!Dl!I increase in 
each diameter class. This volume increase of each diameter class is 
dependent not only on the growth of the trees in the class rut by the 
concurrent effect of trees growing out of the class and small.er trees 
gravti.ng into the class. 
If a structure is to be maintained, the harvest will be taken from 
each diameter class in number equal to the ex_pected increase during the 
cutting cycle. The cut then is equivalent to the anticipated volume 
i!lcrease in each diameter class and consequently the stand. It will 
equal the anticipated gross volume increase if a short cutting cycle is 
used and if anticipated natural mortality is utilized. With cutting 
cycles longer than one year, the net increase will equal gross volume 
increase plus salvagable mortality . The full growth potential of the 
site can be utilized only in short cutting cycles and with utilization 
down to the smallest tree. 
If the growing stock is to be increased, the cut Will be less than 




PLA.N FOR THE INVESTIGATION 
The question may now be asked, "lhat should be the ideal structure 
toward which any existing uneven-aged stand be projected?" 
Of first importance, this ideal must be compatible with the 
silvical potentialities of the tree species involved. Secondly, the 
sacrifice of reinvestnent of yield into growing stock over the time 
necessary- to build up existing growing stock to one yielding higher 
growth vaJ.ues or voluues must be given due consideration. Also, the 
advantages of higher immediate monetary- returns resulting from the 
reduction of growing stock investment must be recognized in the selec-
tion o:r alternatives. 
The basis for the choice of the ideal structure will depend on the 
following factors: 
1. Physical productivity both in amount and relative to the growing 
stock volume required to produce it. 
2. Value productivity both in amount and relative to the rate of 
return per unit value of invested growing stock. 
3. Changes in present worth which result from changing structure 
within the range that is dictated by silvicultural considera-
tions. 
Therefore, it is the plan of this study to (1) investigate the 
range of stand structures existing in the Engelmann spruce-subalpine fir, 
uneven-aged stratum on the Utah State University Forest, (2) describe 
these structures by means of the exponential function y .. k e -ax defin-
ing the number of trees per acre diameter classes, (3) obtain suitable 
local volume tables in cubic feet and board feet for the stratum, (4) 
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obtain conversion surplus value for trees by diameter classes, (5) 
calculate total. basal area per acre, cubic root volume per acre for 
trees 6 inches in diameter to 32 inches in diameter, board foot volume 
per acre !or trees 12 inches D.B.H. to 32 inches D.B.H. and conversion 
surplus values per acre for trees 12 inches D.B.H. to 32 inches D.B.H. 
for structures within the range or structures in the stratum, (6) 
determine diameter growth :ates by diameter classes within !our stand 
density classes, (7) determine arumal increment expressed in basal 
area, vol.ume, and value for stand stz,ictures within the range of struc-
tures in the stratum, and (9) develop a present worth calculation to 
measure the economic desirability of a shift of any given stand struc-
ture to any other alternative stand structure within the range of 
structures in the stratum . 
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VI 
DF.SCRIPrION OF THE STODY AR& 
Location and Topography 
The investigation of stand structures was made from manage!IM:lnt 
inventory data collected in the Utah State University Forest. Th:.s area 
or 2560 acres is located in Cache and Rich Counties in the State of 
Utah. The tract is located on the Cache National Forest at the head of 
Little Bear, Spawn, and Jebo Creeks in Sections 15, 16, 21, and 22, 
T 13 N, R 4 E, Salt Lake Base and Meridian. The elevation of the tract 
is between 8,000 and 8,600 feet above sea level. 
The area is on the Divide between the Logan River-Bear Lake 
drainages. Long spur ridges extend east and west from the main Divide; 
they are broad as they meet the ma.in Divide but becoma very steep 
beyond the east and west boundaries or the tract. The general topo-
graEily is tipped toward the north . 
Intermittent streams descend through limestone ledge rock into 
narrow steep canyons. Springs from the limastorie ledges flow into the 
intermittent stream channels but soon disappear in the canyon bottoms. 
Plates I and ll show the general location and topography of the 
University Forest. 
Geology 
Geologically, the area is a part or an ancient dissected plateau 
capped by glacial out.ash material known as Wasatch Conglomerate. This 



























































































































The soil parent mterial is the Wasatch Conglomerate consisting of 
clays, small quartzite boulders, and thin -bedded sandstones. The soil 
texture is light to heavy clay loam of varying depths. The A1 horizon 
ranges from Oto 12 inches; the A2 from 12 to 40 inches; and the B2 
greater than 40 inches. The soil pH values in the A1 are about 6.5, and 
are about 5.8 in the -A 2 • The accumulation of du.ff and litter in the A0 
horizon is very light. 
Climate 
The climate is characterized by dry, cool growing seasons and 
heavy winter· precipitation in the i'orm o! sr.ow. The cumulative depth 
of snow· melt from November 1 to April. 1 for the period 1954 to 1962 
averaged 16.4 inches of water with a maximum of 23,4 inches in 1962 and 
a minimum of 12.9 inches in 1961. Total annual precipitation over this 
period averaged 22.2 inches. Complete weather records for the months 
from June to October have been maintained on the University Forest since 
1954. The follCJNing table presents average values for the growing 
season. 
Table 1. Average ciimatic data. during growing season, 1954 to 1962 
June July August Sept. Oct. 
Average monthly precipitation 
(inches) 0.9 o.86 1.08 1.30 1.76 
Average daily temi:era ture 
(day and night) 49°F 66°F 65°F 
Average daily humidity 
(day and night) 55% 49% 18% 
Average monthly minimm 
temperature 32°F 34°F 36.5°:F 
Average monthly maximum 
75°F 78°F temperature 79'7 
27 
Cover Types 
The vegetation bas been classified into f'our general typ?s. 
Table 2. Area by cover types 
Area Percent of' total 
acres 
Engelmann spruce-subal-pin~ fir 1370 5J~B .... 
Lodgepole ·pine 352 13.7 
Aspen 543 21.1 
Open, sagebrush and forbs 295 11.4 
Total 256o· 100.0 
Plate III shows a type ~P or the area on the University Forest. 
Engelmann Spruce-Subalpin:e Fir Type 
The Engelmann spruce-su.balpine fir type occupies the higher 
elevations on the forest. The stands are uneven-aged, ranging f'rom 
true all-aged stands to small even-aged area of' two to three ac::""'~. 
Engelmann spruce, Picea engelmanni, is predominate in the larger 
diameter cl.asses and subalpine f'ir, Abies lasiocarpa, is predominate in 
the small diameter classes. Associated in mixture with them is quaking 
aspen, Populus tremuloides; lodgepole pine, Pi.nus contorta; and Douglas-
fir, Pseudotsuga menziesii. Patches, strips, and stringers of' even-aged 
aspen and lodgepole pine stands extend into the type, especially along 
the lower elevational. fringes. Rlotographs on Plate IV show typical 
stand appearance, borders, and openings. 
The south and west aspects of the spur ridges are non-forested but 
support a medium to light cover of shrubs I sagebrush, _'Arteinesia 
trident.a ta; snowberry, Symphorecarpos oreophilus; bear berry honeysuckle, 
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ENGELMANN SFRUCE-SOBALPINE FIR TIMBER TYPE 
ON THE UNIVERSITY FOREST OF UTAH STATE UNJ:VlltSITI 
Figure l Figure 2 
Figure 3 Figure 4 
Figures l, 2, 3, and 4. The Engelmann spruce-subalpine fir type show-
ing stand outline and borders. The admixture of aspen as scattered 
individuals within the stands and as a border adjoining non-forested 
areas is typical of the type. 
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DelJilinium barbeyi, Lupinus laxi.ilorus; grasses: Agrowron trachycaulum, 
Bromus carina tus, Stipa columbiana, Stipa lettermani; Carex spp . , and 
Erigeron s pp . 
Most of the non-forested areas, or openings within the forest 
type, have a very- light ground cover of herbaceous plants and grasses. 
These openings have been heavily- grazed by sheep and some have served 
for years as sheep bedding grounds. Erigeron spp., tar weed (Madia 
gl.omerata), Gilia · spp., and Rudbeck:ia occidentalis are the principal 
f orbs in these openings. The Northern Pocket Gopher, Thomomys talpoides 
wasatchensis, is very numerous and active, giving the ground surface 
almost a plowed appearance resulting from their lfinter burrowing 
deposits. Tree seedlings are almost non-exist.ant in the openings but do 
occur along the edges under the partial shade and modifying climatic 
influence of the larger trees. 
Within the forest stand shrub species are present, but not abundant, 
except on cool., north-facing slopes. These species are: Ribes montige -
~, Sambucus racemosa, Ceanothus velutinus, Eleaganus canadensis, 
Pa.chystima m;yrsinites, Sympb.ocarpos oreophilus, and Lonicera involucrata. 
The most abundant £orbs species are Arriica cordifolia and Castilleja 
Leonardi . Other forbs present are: Pedicularis racemosa, Aster spp., 
Lupinu.s la.x:i.!1.ora, Vicia americana, Geranium fremontii, and Potentilla 
gladulosa. Very- few grasses are present in the stands and are of the 
same species as found in open areas. It is interesting to note the 
absence of the species of Vaccinium as unaerstory v_egetation, especially 
since species of this genera are typically present within the identical 
forest type to the south, east, and north of this geogra}ilic area. 
The frequency distribution or tree species 3 inches D.B.H. and 
larger in the Engelmann spruce - suba.lpine !'ir type and by public land 
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survey sections is as follows: 
Table .3. Frequency distribution by speciesa 
Douglas fir Suba.lpine Engelmann Lodgepole Aspen 
fir spruce pine 
percent 
Section 15 1.6 61.0 21.0 8.2 8.2 
Section 16 1.7 67.5 9.1 4.6 17.1 
Section 21 0.4 59.0 2.3.1 0.4 17.1 
Section 22 0.0 53.0 20.0 4.2 22 .8 
anate source: 551 one-quarter acre cruise plots, 1950. 
Information on trees 2.9 inches D.B.H. and smaller lfas obtained from 
four milacre quadra ts in each or 551 cruise plots within the type. - A 
count or trees was not made at each sample point but stocking estimates 
were ma.de by species. At least one seedling of a species in each of the · 
four quadrats indicated full stocking by the species. Area stocking 
percentages were separated by species and summarized by sections: 
Table 4. Stocking by species& 
Douglas fir Suba.lpine 
fir 
Section 15 47.0 
Section 16 0.7 37.0 
Section 21 41..0 








Lodgepole · Aspen 
pine 
0 . 9 7.8 
1.6 12. 7 
9.9 
0.3 12.0 
asource: 551 sample points, each consisting of four milacre quadra. ts, 
1950. 
Past Cutting !l:E!.• Approximately 20 acres in the type were 
selectively cut between 1944 and 1947 on the basis or a 60-year cutting 
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cycle. In recent years a few isolated trees have been cut in the 
uneven-aged stands along the main access road. A portable mill was 
op:?rated for a short period at the turn of the century at the head of 
West Hodges Creek in Section 21. The operation cut""'°ver 20 acres and 
removed most of the large Douglas fir in Section 21.. This partial cut 
apparently removed selected trees from the upper crown canopy. Fires 
have occurred in the type in the past and appear to be responsible for 
the even-aged tongues of lodgepole pine extending i:i.to the type. The 
. 
youngest lodgepole pine stands are approximately 50 to 6o years old. 
There have been no recorded fires in the tract within the past 35 years. 
Site Classes. Site classes have been estimated through the use of site 
index tables based on age and total height prepared by the U.S. Forest 
Service for Region Four, Tables 29 and 30 of the Appendix. From these 
tables, site class is in. the type range between IT and V. However, a 
study was made by Pflugbeil (1957) from which was prepared a table of 
site indices based on tree D.B.H. and total tree height. According to 
this table, the best sites in the type contained dominant trees with a 
total height from 98 to lOS feet at 20 inches D.B.H. The site classes 
have been mapp:?d on Sections 21 and 22 (Pflugbeil, 1957) and are shown 
on Plate V, page 33. 
Lodgepole Pine Tyµ? 
The lodgepole pine, even-aged stands, exist along the lower eleva-
tions of the Engelmann-subalpine fir type, especially on north slopes. 
There are two age classes: a SO- to 60-year-old age class occuro,-i.ng 
140 acres and an 80- to 100-year-old age cl.as~ occupying approximately 
212 acres. The stands are well stocked. The understory vegetation is 
Pfincip&l~ eubalpine fir consisting of scattered, suppressed trees and 




















































































































































































































































































































































season. The herbaceous growth is principally Amica cordifolia and 
Castilleja Leonardi. The typical Vaccinium understory is absent. Based 
on Site Index Table prep:1.red for Region Four by the U. S. Forest Service, 
the site classes range between II and III, Table )) of ~.he Appendix. 
A.spen Type 
The aspen type consists of even-aged stands of quaking aspen or 
root-sprout origin. Seedling aspen have not been found on the forest. 
Approximately 430 acres are in the 6o- to 80-y ear-old age class and 
115 acres in the 30- to 40-year-old age class. The stands are generally 
of poor quality with many of the trees having bent and twisted lower 
portions or their boles, caused by heavy snow pressure. Some of the 
stands are lll!rely narrow fringes buffering the south and east edges or 
the spruce-fir stands from the open areas of sagebrush and forbs. 
Little advance regeneration of Engelmann spruce or subalpine fir is 
present under dense aspen stands . However, in areas where the aspen 
stands are more open and of greater width, there exists an excellent 
subalpine fir understory. 
Aspen site quality is between II and III. Site class curves pre-
pared by Baker (1925} were used to estimate site class. 
Insects 
The Engelmann spruce beetle, Dendroctorms engelmanni Hopk, is the 
most serious insect pest in the University Forest. 0vermature and 
weakened trees are the most susceptible to attack. Lodgepole pine is 
also subject to attack, but due to the young, vigorous condition of 
the stand within this type, it is not felt to be a serious threat to 
this species at this time. 
The insect emerges as an adult during two distinct periods in the 
year; one is in June and July, and the second is in August and September. 
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The insects attack living trees. Those adults emerging in late summer 
overwinter in the base of the tree in whiclr they developed (Mas~-=Y and 
Wygant, l.954). 
In addition to attacking weakened trees, unmerchantable logs, 
long-butts, an1. stumps, as well. as living windfalls, are prir.16' centers 
of insect brood buil.d-up (Massey and Wygant, 1954). Group or individual 
tree, selection cuttings, serve to reduce the number of weakened trees 
but will tend to increase the hazard of population build-up in unmer-
chantable logs, long-butts, and stumps. Control measures are necessary 
in sel.ectively cut areas to keep this hazard at a min:.mum. Treatment of 
infected trees, logs, or stumps with ethylene dibromide emulsion is an 
effective control (Massey and Wygant, 1954). Protection from attack by 
the beetle can be accompl.ished by treating unaffected trees, logs, or 
stumps with two percent DDT emulsion. 
Spruce bud worm (Choristoneura fumiferana, Clem.} has not been 
observed in the University Forest area; however, it might become a 
serious threat in time. 
Diseases 
Butt and root rots are the most serious pithological diseases of 
Engelmann spruce and subalpine fir in this area. Subal.pine fir is 
seriously affected from the sapling stage to maturity by root rots and 
these are 1.argely responsible for the gradual reduction in total number 
and as percentage of total stand composition in the uneven-aged stands. 
For example, in the 4 inches D.B.H. class, subalpine fir averages 53 
trees per ·acre, representing 64 percent of the total stocking. In the 
12 inches D.B.H. class, it averages 9.5 trees per acre and 55 percent 
of the stocking. At 32 inches D.B.H. it averages O.l trees per acre 
and 29 percent of stocking (Table 16, ?3-ge 63 ). 
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Nelson (1963) consistently isolated Fomes annosus (Fr.) in cultures 
from reddish-brown stringy rot in uprooted suba.lpine fir trees of all 
sizes in the University Forest. He reported other pathogens also 
present but felt Fomes annosus to be the main cause of root and butt 
rot in suba.lpine fir 1n this area. 
E!'lgelmann spruce, especially individual trees of advanced age, is 
subject to windthrow. Observed exposed root systems all show decay. 
The stump and lower stem usually contain a heart rot extending from 3 to 
8 feet into the stem. The organism responsible has not been identified 
but is suspected to be Fomes annosus, Polyporus tomentosu=! (Fr. ) , or 
Polyporus ·schweinitzii (Fr.). Fruiting bodies of f· schweinitzii have 
been found at the base of-Engelmann spruce but are extremely scarce. 
In fact, sporophors, in general, are very scarce, undoubtedly due to 
the dry climatic conditions. 
Quaking aspen is affected seriously by Black Canker, Nectria 
galligena (Bres.} (Boyce, 1961), and by Fomes igniarius (L) Gill. 
Most or the quaking aspen trees larger than 16 inches D.B.H . are total 
culls, due to either one or both o! these pathogens. 
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VII 
BASIC STAND DATA 
The basic stand data for this suidy were obtained from the forest 
management inventory made in the summer of 1950. 
The inventory- was a ten-percent circular plot cruise. Concentric 
one-quarter acre, one-tenth acre, and f our-milacre quadra. ts were estab-
lished at systematically spaced sample points. A total of 1024 points 
was established on the four sections comprising the ma.nage:nent unit. 
On sections 21 and 22, every fourth plot on cruise lines was designated 
as a permanent plot and all trees tallied were marked at dianeter 
breast height with a small galvanized nail on the side or the tree 
facing plot center. The tree D.B.H. was measured to the nearest one-
tenth inch. The individual trees were not., however, numbered or 
otherwise located on a plot map sheet. 
Plot Data 
On the one-quarter acre plots, merchantable coni£ers 11.0 inches 
D.B.H. and larger were tallied by two-inch diameter classes. Heights 
were mea~red in 16-foot logs to a point on the upper bole which was 50 
percent of the inside bark diameter of the top of the first log. Aspen 
trees 7 .O inches D.B.H. and larger were tallied by two-inch diameter 
classes and total heights were measured. 
On the one-tenth acre concentric plot, conifers J.O inches to 10.9 
inches D.B.H. were also tallied by two-inch diameter classes but heights 
were not measured; aspen 3.0 inches to 6.9 inches D,B.H. were tallied ~T 
two-inch classes but heights were not measured. 
The data frolll both the one-quarter acre and one-tenth acre plots 
from each sample po-int were tabulated on one tally sheet. These data 
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were used in the study to determine the range of stand structures 
present in the relatively undisturbed, uneven-aged stratum, in the 
forest type. 
Reproduction and seedlings smaller than 2.9 inches D.B.H. were 
recorded by species on the four - milacre quad.rats with common corners 
at plot center. A tally was not made by number of trees, but if at 
least one of a species was present in each of the four quadrats, stock-
ing was recorded as 100 percent at that sample point for that species. 
IT a species was present on only two of the quadra ts, stocking for the 
sample point was recorded as 50 percent. These data were not used in 
the study . 
Plots were originally classUied in the field by one of the follow-
ing stratum within each forest type : 
Table 5. Classification of stratum on forest 
Code number Description of stratum 
1 lJ neven-aged, uncut 
2 Uneven-aged, partially cut 
3 Clear-cut areas containing no 
merchantable trees 
4 Even-aged, young, thrifty 
5 Rocky, non-commercial 
6 Open areas; sage brush, grass, 
or forbs 
The uneven-aged Engelmann spruce-suba.lpine fir, uncut stratum was of 
principal interest for the study of stand structure. Consequently, the 
sample plot data in this stratum was selected for study; the area in the 
stratum was 650 acres and a total 261 sample plots were originally 
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classified within it . Later an additional 270 acres and 53 plots 
originally classified under Code 2 (p:1rtially cut) were included after 
field examination shC'rled the cuttings were either for the removal of 
dead and dying trees adjoining the main road through the area, or light 
selection cuttings made early in the century. A total of 414 plots 
were used as the basis for the stand structure study in this stratum. 
These plots were distributed by sections as follows: 
Table 6. Distribution of sample plots by sections 
Section Percentage of total plots in stratum 
15 13 percent 
16 7 percent 
21 38 percent 
22 42 percent 
Data from Remeasurement of Permanent Plots 
The D.B.H. and height in 16-foot logs of individual trees were re-
measured in the summer of 1957. Fifty-three of the 414 plots in the 
stratum were established as permanent plots and permanent center points 
installed in the original cruise. The tally sheet for the 1950 and 
1957 measurements were pa.ired to provide data for a study of diameter 
gro\'fth at - breast height by D.B.H. classes under different stand <Ensity 
conditions. It was originally thought that Dwight's Cofrequency 
principal (Smithers, 1949) might be used to obtain this information from 
the two sets of plot data. However, this method failed to yield con-
sistent or even meaningful diameter growth data. Consequently, a field 
study was made in the summer of 1963 to provide suitable diameter growth 
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by tree diameter classes data for trees growing under different stand 
density conditions. 
Point Sampling !or Dia.meter Growth Data 
Point Sampling 
Three comi:ass lines were located through the uneven-aged Engelmann 
spruce-subalpine fir stratum in Sections 21 and 22. The lines were run 
from the northeast section corner common to Sections 21 and 22 on bear-
ings of S 20 W, S 45 "if, and S 20 E to the south section line of the 
respective sections. The lines bisected site quality areas lying across 
topography. 
At ea~h five-chain interval, along the compass lines, sample points 
were systematically selected, and at each point a three-diopter optical 
wedge was used to select trees 4 inches D.B.H. and larger !or diameter 
growth measurements. 
Diameter Growth Data 
The point sampling procedure provided a means of selecting equal 
size sampling from each diameter class (Grosenbaugh, 1958). Ea.ch 
selected tree was recorded by species and diameter at breast height 
measured to the one-tenth inch outside bark. At D.B.H., at a point 
facing the sample point, bark thickness was measured, and an increment 
core was extracted from which the radial growth duril'ig the pa.st 10 years 
was measured to the nearest one-hundredth of an inch. In addition, the 
optical wedge was used to count the trees 4 inches and larger in diameter 
in a J6o 0 circle, using each of the increment trees as a center point. 
This last count was made to obtain an estimate of stand Basal Area 
density under which each of the increment trees had been growing. 
A total of 57 sample points were selected in this manner, and a 
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total of 676 sample trees were measured for diameter increment and 
classified according to stand density conditions under which they had 
been growi..ng during the last 10-year increment period. The data were 
then processed to obtain for each tree (1) average diameter, outside-
bark, at breast height at the middle of the last 10-year period and (2) 
average annual. diameter growth at breast height, outside-bark, during 
the past 10-year period (H.A. Meyer, 1942B). 
Computational Procedure 
Grouping El Stand Density Classes. The trees were then grouped into 
four classes on the basis of the stand density in which they bad been 
growing during the past 10 years. The four basal area stand density 
classes were: 6/J to 99 square fe~t per acre, 100 to 139, 140 to 179, 
and 180 to 220. The trees in each of the density classes were then 
grouped by two-inch diameter classes from which average annual diaueter 
growth, outside bark, values were obtained for each two-inch diameter 
class, 4 inches D.B.H. and larger (Table 7, pages 42, 43). 
Curves. The average annual diameter growth values were plotted over the 
corresponding D.B.H. classes and it was observed a straight line fitted 
the data as well or better than either a second degree, or exponential 
.function. A linear function was fitted to the data for each stand 
density class. The four curves are shown on Graifls l, 2, 3, and 4, 
pages 44 to 47. The curves show an increasing diameter growth with 
increasing tree diameter, but with a relatively slaw rate of increase 
for the stand density of 60 to 99 square feet per acre and increasingly 
higher rates for heavier stand densities. The four curves are _ plotted 
on Graph 5, page 48; they depict a family of growth curves. No effort 
was ma.de to harmonize the curves. The greater dispersion or the original 
values about the curve for the 60 to 99 s9t1are foot density class 
Table 7a. Average annual diameter growth at breast height, outside bark, during the period June 1953 
to June 1963 for Engelmann spruce-sqbalpine fir, ·uneven-aged stratum, Utah St.r.te University 
Forest.z Utah I 
Basal area 'i!r acre stand densitz classes 
60 to 99 square feet per acre 100 to 139 square feet ~r acre 
Av. Curve Av. Curve 
annual No. values annual No. values 
D.B.H. dia. of av. annual of av. anrmal 
class trees rowtb trees rowth 
inc es nc es inc es 
4 4.0 .121 7 .151 3.6 .113 3 .112 
6 6.3 .203 5 .152 6.2 .121 4 .ns 8 8.1 .178 8 
.154 7.9 .1.30 9 .117 
10 10.0 .163 11 .155 10.1 .132 16 .120 
12 12.1 .l..47 13 .156 12.3 .144 8 .123 
14 13.9 .134 10 .158 14.o .1.3.3 24 .125 
16 15.7 .112 7 .159 16.0 .112 27 .128 t=-
16 18.0 .159 15 .160 18.0 .125 .31 .131 N 
20 20.2 .180 13 .161 20.1 .115 19 .133 
22 21.9 .173 7 .16.3 21.8 .132 17 .1,36 
24 23. 7 .12? 7 .164 2,3.8 .138 10 .1,38 
26 25.6 .250 4 .16.5 2.5.7 .143 5 .141 
28 27.8 .157 5 .166 27.6 .110 4 .144 
JO -----.168 29.8 .169 6 .146 32 -----.169 J2.0 .191 4 .l49 
34 34.9 .125 1 34.0 .194 3 
m 
Linear relationship 
y •.• 1489 + .00062 I 
Linear relationship 
y .,.1068 + .001317 I 
Least Square fit. Least Square fit. 
y -Average annual diameter growth., inches 
X m Diameter, breast height, inches Curve is Grafh 2. 
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Least square fit: 
Y • .l.489 + .000621 X 










Graph l. Average annual diareter growth, O.B. DBH 
inches. Basal area stand density, 6o to 100 square 
feet per acre. Engelmann spruce-subalpine fir uneven-
aged stratum, University Forest, 1953 to 196). 
Basis. 117 trees, point sampling. 
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Least square fit: 
Y .07$0 + .0020 X 
4 6 10 12 
+1'=1 
14 16 
Graph J. Average annual diameter growth, DBH, o. B. 
inches. Basal area stand density, 140 to 180 square 
feet per acre. Engelmann spruce-subalpine fir uneven-
aged stratum, University Forest, 1953 to 1963. 















































































































































































































































































Graph 5. Average annual diameter growth, DBH, O.B. 
by oo.sal area density classes: 60 to 100, 100 to 140, 
140 to 180, and 180 to 220 square feet 1)3r acre. Engel-
mann spruce-subalpine fir uneven-aged stratum, University 
Forest, 1953 to 1963. Basis~ 676 trees. 
i :~!t ___ ---------,;o=-toc>---------------=== =-15 ~-"o -too __ $ .14 
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(Graph l} is probably due to the fact that individual trees in stands of 
this light density are not uniformly distributed over the area but 
tended to be grouped and therefore subject to extremely var~ble 
competition. 
The observed trend of annual diameter growth with increasing tree 
diameter is the result of a corresponding crown surface increase with 
tree diameter. Few data were available for trees larger than 34 inches 
D.B.H., but undoubtedly the diameter growth curves will drop off even 
though trees of this size are the dominants of the stands, due to lessen-
ing vigor and inability to further expand crown and root surfaces. These 
large trees are finally subjected to root decay with a consequent rapid 
decline in diameter growth. They eventually are wind-thrown and their 
space is occupied by adjoining trees and new regeneration. 
Supporting Da. ta 
Local Volume Tables 
Cubic Foot V1lume 1':3.bles. A local cubic foot volume table was prepared 
for the Engelmann spruce-suba.lpine fir, uneven-aged stratum. A repre-
sentative field sample of D.B.H.-total height values were taken and 
curve drawn from the data. Kemp I s (1957) regression coefficients and 
the cubic foot volume equation Ye bD2H were used to comp.ite cubic foot 
volume to a four-inch top diameter for each D.B.H. class. Regression 
coefficient 'b' for subalpi.ne fir was used for trees 6 to 16 inches 
breast height since this species predominated in the stand components 
between these diameters. Old growth Engelmann spruce coefficient 1b 1 
was used for diameter classes 18 inches and larger. Local volume table 
is presented in Table 8, page 50. 
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Table 8. Local volume table for Engelmann spruce-subalpine fir, 
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acoefficients for diameter classes from 6 to 16 inches from subalpine fir; 
coefficients for diameter cla .sses 18 inches and larger from old growth 
Ef'l_gelmann spruce. 
~emp, Paul, 1957, Regression Coefficients for Cubic Foot Volume or Rocky 
Mountain Trees. Research paper number 40, Intermountain Forest and 
Range Experiment Station, U. S. Forest Service, Ogden, Utah. 
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Board Foot (Scribner Rule) Volume Table !2 Top Diameter 50 Percent 
Diameter Inside Bark~~ Top £f First 16-foot Log (Volume Values 
Taken Girard !2!,! Class Tables) . A local board foot (Scribner 
Rule) table was preµired for the stratum. A representative sample of 
cruise tally sheets for plots in the stratum were randomly selected, 
and from the data of height in 16-foot logs to the top diameter listed 
above and D.B.H., a height over D.B.H. cuI'78 was prepared. A0 total of 
957 trees ·were used as the source of this relationship and proportionally 
represented both the Engelmann spruce and subalpine fir in the stratum. 
Graph 6, page 52, was prepared from these data. 
Girard I s Form Class was detennined for each of the species. Engel -
mann spruce is Form Class 82; su.balpine fir is Form Class 84. Form class 
was not cietermined for each dianeter class but only the average form for 
all diameters 12 inches and larger. 
Using the D .B .H. -height in log I s curve, a local volume table was 
prepared from Girard Form Class volume tables for each species. Based 
·• 
on the proportion of the two species in the stratum at each D.B.H. 
class -, a common local volume table was prepared in which the volume per 
tree by diameter classes was weighted by the proportion. Table 9, page 
53, presents this local volume table. It will be noted the prop:>rtion 
by species bas been taken into consideration. The table has been con-
structed ~o that given the total number of trees in a D.B.H. class 
including the count of aspen, the product of the average volume per tree 
in this diameter class and the number of trees will give volume exclud-
ing the aspen. 
Conversion Surplus Values 
Conversion surplus value represents the difference between net 
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Graph 6. Height-D.B.H. curve for Engelmann spruce-
subalpine fir in Sections 21 and 22, University Forest, 
Strata 1 and 2. Height a 50 percent of D.I.B. first 
































































































































































































































































































































































































































































































































































































































































































delivery of the finished product, F.O.B. mill. It differs from stumpage 
value in that the latter represents the residual value after all logging 
costs, transportation costs from the woods, milling costs, and profit, 
margin have been subtracted from the net sales realization value. 
To determine the value of grOffing stock so that different stand 
structures might be compared, conversion surplus value can be conveni-
ently used rather than stumpage value. Overhead costs, transportation, 
area development costs, and profit margin will be constant regardless 
of stand structure provided harvesting methods remain constant for all 
stand structures. 
These costs should be of course applicable to the area under study. 
Unfortunately-, due to the absence of active logging operations, other 
than operations by- farmers and ranchers, suitable cost data are not 
available for the University- Forest, or for that matter, the Cacne 
National Forest. However, the United States Forest Service, ·aegion 4, 
of which the Cache National Forest is a part, recently- made available 
the regional appraisal handbook, Forest Service Category 2 Handbook 
2425, May-13, 1963. This book contains 19o2 logging and milling cost 
data for the different sub-areas within the Region. Selling price data 
in this administrative handbook gave area average prices per thousand 
board feet for different species combinations. However, a study made by 
Hartong (1951:S) for Engelmann spruce at McCall, Idaho, was made available 
through the Regional Office. 7his study p!'ovided sales realization 
·1alue per thousand board feet by dry, surfaced lumber tally r or trees 
by one-inch D.B.H. classes from 10 to 36 inches D.B.H. This study was 
made by reconstructing trees and summarizing the net sales realization 
value, log by- log, to give average values !or trees through the range of 
diameters listed above. 
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Average Net Sales Realization Value .e:.:: Thousand Board~ !?z 
D.B.H. Classes. Sales realization value per thousand board feet lumber 
tally for trees 12-inches to 32-inches D.B .H. were obtained .from U. S. 
Forest Service, McCall Study (Hartong, 1958) based on Western Pine 
Association 1958 prices for Engelmann spruce. Similar values for sub-
alpine fir by tree D.B.H. classes were not available; however, at the 
time of the study the average Western Pine Association prices for true 
firs (Abies concolor) were 13. 3 percent less than Engelmann spruce. Con-
sequently, sales realization values for subalpine fir by tree D.B.H. 
classes were calculated by reducing the spruce values by this amount. 
Sales realization values, mill-tally, were then reduced to net 
real.ization value, log-tally, by the use of the average over-run figures 
given in Table 4.1 of the Appraisal Handbook (U.S. Forest Service, 1963) 
for the Southwest Idaho area. Table 10 provides the summary of these 
calculations and serves as the basis for further calculations leading to 
net conversion surplus values for tree sizes and species on the Univer-
sity Forest. 
Average Felling, Bue~, Skidding, Loading, Logging Administration 
Costs Thousand Board ~, Log-scale, Adjusted ~• 
Classes . The average operating costs were obtained from the Timber 
Appraisal Handbook (U. S. Forest Services 1963) for the Southwest Idaho 
area. Felling and tucking costs adjustment Table No. 1, page 10, pro-
vided cost adjustment for D.B.H. and percentage wood defect. Yarding 
and loading costs adjustment Table No. 2, page 11, provided adjustments 
for D.B.H. and scaling defect. Table 11, page 57, gives the adjusted 
woods operating costs, log-scale, by tree ·D.B.H. classes, applicable to 
both spruce and fir. 
Table 10. Net sales realization values per thousand board feet by tree D.B.U. c1.asses, lumber-tally and 
log-tally, for Engelmann spruce and subalpine fir, University Forest 
Lumber tallz Los ta11y 
Tree Engelmann spruce Subalpine fir Engelmann spruce Subalpine fir 
D.B.H. per M. bd. ft. per M. bd. rt. per M. bd. ft. per M. bd. ft. 
classes dollar valuea Over-run dollar value Over-run dollar value dollar value 
inches . percent percent 
10 $80.40 22 $69.71 12 J98.09 $78.08 
12 Bo.25 11 69.58 12 89.08 71.93 
14 80.05 6 69.40 12 84.B.5 77.73 
16 79.80 6 69.19 12 84 • .59 77.49 
18 79.50 6 68.93 12 84.27 77.20 vi. 
20 79.15 6 68.62 12 83.90 76.85 °' 22 78.70 6 68.23 12 \ 83.42 7,6.4l 
24 78.20 6 67.80 12 82.89 75.94 
26 77.65 6 67 • .32 12 82.Jl 75.40 
28 77.05 6 66.80 12 81.67 74.02 
JO 76.35 6 66.20 12 80.93 74.14 
32 75.60 6 6.5.54 12 Bo.14 73.40 
awestern Pine Association 1958 prices, realization value, adjusted to tree D.B.H. classes by A. Hartong, 
















































































































































































































































































































































































































































































































































































































Average Manufacturing Thousand Board ~, Log-scale, El 
D.B.E. Classes. The average manufacturing costs per M. board feet mill-
scale were obtained from the U. S. Forest Appraisal Handbook, Southwest 
Idaho area, in terms or log diameter for all species. It was necessary 
to convert these costs to tree D.B.H. classes; consequently, the diame-
ters of' the average 16-root log for trees 12-inches to 32-inches D.B.H. 
were calculated. The local volume table prepared ror this study gave 
data on the number or logs by D.B.H. classes; and, since Girard Form 
Class had been obtained for both Engelmann spruce and subal.pine fir, the 
diameter of the average l.og for each tree diaueter class was computed. 
The Appraisal Handbook al.so gave over-run percentages for both spruce 
and fir and these were used to calculate average manufacturing costs 
per M. board feet by tree D.B.H. classes. Table 12 gives the average 
mnufacturing costs by tree D.B.H. classes. 
Tabl.e 12. Average manu!acturing costs per thousand board f'eet,a log-
scale, by tree D.B.H. classes for Engelmann spruce and 
subal~ne fir 
Manufacturing costs Manu!acturing costs 
per M. bd . rt. per M. bd. ft. 
mill-scale loi-scale 
Engelmann spruce Subalpine fir 
Tree Average Cost per Cost per Cost per 
D.B .H. size M. Over-run M. Over-run M. 
classes log-inches mill-scale percent log-scale percent log-scal.e 
1.2 9 $36.18 22 $44.14 12 $40.52 
14 10 34.45 11 )8.24 12 J8.58 
16 11 3.3.27 6 .35.27 12 37.6o 
18 12 32-40 6 34 • .34 12 36.29 
20 1.3 31. 73 6 33.63 12 35.54 
22 15 30.67 6 32.51 J.2 36.41 
24 16 30.26 6 .32.08 12 33.89 
~6 17 29.87 6 31.66 12 33.45 
28 18 29.57 6 31.34 12 33.18 
30 20 29.12 6 30.87 12 32.61 
32 21. 2tl.97 6 JO. 71 12 32.33 
asource of data: Forest Service Appraisal Handbook, Sout.hwest Idaho 
area, Region Four, Ogden, Utah. Revision No. 35, 1963. 
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Conversion Surplus Value~ Thousand Board~, Log-scale, El~ 
!!.:!:!!• Classes Engelmann Spruce~ Subalpine ~- The conversion 
surplus value is obtained by subtracting logging costs and manufacturing 
costs from net realization value. All values are expressed log-scale. 
Tables 10, 11, and 12 were combined to produce this value. Table 13 
summarizes this information for the tiJo species. 
Table 13. Conversion surplus value per M. board feet, log-scale, by 
tree D.B.H. classes for Engelmann spruce and subalpine fir 
Sales Logging l@nufacturi.ng Total Conversion 
Tree realization costs costs costs surplus 
D.B.H. value per M. per M. per M. per M. value per M. 
class l.og-scale log-scale 1.og-scale log-scale log-scale 
Enf;elmann spruce 
12 $89.08 $18.72 844-14 $62.86 $26.22 
14 84.85 18.10 38.24 56.34 28.51 
16 84..59 17.50 35.27 52.77 31.82 
18 84.27 16.90 34.34 Sl.24 33.03 
20 83.90 16.29 33.63 49.92 33-98 
22 83.42 15.92 32.51 48.43 34.99 
,24 82.89 15.56 32.08 47.64 35.25 
~6 82.31 15.24 31.66 46.90 35.41 
28 81.67 15.01. 31.34 46.35 35.32 
30 Bo.93 l..4.77 30.87 45.64 35.29 
32 Bo.14 l.4.71 30. 71 45-42 34-72 
Subalpine fir 
12 77.93 18.72 40.52 62.86 15.07 
14 77. 73 18.10 38.Sc, 5o.34 21..39 
16 77-49 17.50 ·37.60 52.77 24.72 
18 77.20 16.90 36.29 Sl.24 25.96 
20 76.35 16.29 35-54 49-92 26.93 
22 76.42 15.92 36.41 4tj_43 27.99 
24 75.94 15.56 33.89 47.64 28.30 
26 75.40 15.24 33.45 46.90 28.50 
28 74.82 15.0l 33.18 4o.35 .:.8.47 
30 74.14 14. 77 32.61 45.64 28.So 
32 73 .40 l..4.71 32.33 45-42 27.98 
Average Conversion Surplus Value Thousand Board ~, Log-scal.e, El 
Tree D.B.H. Classes Adjusted~ the Propor-tion £f_ Number~~~ 
~~Engelmann Spruce and Subalpine Fir. The conversion surplus was 
applied in this study to the number of trees in each dL:imeter class. The 
stand structures are defined by number of trees by dianeter class but 
species are not separated in the tally; therefore, the conversion surplus 
value DD.1st be adjusted for the species composition in each diameter 
class. Three major species are present in the stands: spruce, fir, and 
aspen. It is assumed that the aspen has no value; consequently, the 
conversion surplus values for the spruce and fir are weighted by the 
proportion of these two species in the total frequency in each diameter 
class. Table 1..4 was prepared to give the weighted value per U. board 
feet per diameter class based on the proportion of the three species in 
the diameter classes, with aspen having zero value. 
Table 1..4. Weighted average conversion surplus value per . thou.sand board 















Conversion surplus value per M. bd. ft. Weighted total 


































Subalpine fir value, log-scale 













































Weights used represent the proportion of the number of trees in each 
diameter class of the tree species . Proportibns were obtained from 
Table 9, page $3. 
asee Table 13, page 59. 
Summary of Basic Data 
Table 15, page 61, presents a summary of the data used to describe 
the growing stock of balanced stand structures in the stratum. 
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Table 15. Sumary o:f basic dat.a--cubic foot, board foot, and conversion 
surplus values--by diameter classes from 4-inches to 32-inches 
D.B.H., Engelmann spruce-subalpine fir, uneven-aged stratum, 
Univer~ity Forest, 1963 
Volume Conversion su.rEllls value 
D.B.H. Cubic feet Board feet 

















(a) Table 8, page 50. 
(b) Table 9, page 53, 































33.8 2 0.226 
32.63 0.229 
(c) (d) 
(d) Bd. rt./cu. rt. ratio I value per board root. 



















INVF.STIGA.TION OF STAND STRTC'lURE.$ IN THE 
ENGELMANN SPRUCE-SOW.PINE FIR., UNEVEN-AGED STRA'lUM 
The following comi:utational steps were made in the process of 
delineating the theoretical range of st.and structures in this stratum, 
and in the evaluation of the volume, value, and annual increment of the 
growing stock of structures within this range: 
1. the random sampling of contiguous sets of management inventory 
plots previously located and measured in the stratum, 
2. the calculation of basal area, cubic foot volume, board foot 
volume, and conversion surplus values per acre for these structures, and 
3. the application of diameter growth data by tree diameter 
classes and stand density classes to calculate the average annual 
periodic. vol.ume and value growth for these structures. 
Sampling Procedure 
Data from 274 of the manageraant inventory- plots in the stratum were 
pooled and a stand table prepared for the average frequency distribution 
by diameter classes and species. Table 16, IJige 63, presents these data, 
and Figu~ 4, page 64, gives the graphic representation of this distri-
bution. Subalpine fir predominates in diameter classes from 4 inches to 
20 inches, with Engelmann spruce increasing until it predominates in 
classes larger than 20 inches D.B.H. The distribution of number of trees 
by diameter classes is 'j' shaped, typical _ of all-aged stands. 
The stand table data were fitted by least squares to the exponential 
function Y. k e-a.x transposed logarithmically to Logy - Log k - ax Log 
e. The coefficients were •a•~ -.1918 and 'k'. 148.S. The coefficient 
of correlation 1r 1 was .9177 at the one percent probability level. A 
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Table 16. Stand table data summary r or the 274 one-quarter acre plots in 
the Engelmann spruce-su.balpine fir, uneven-aged, uncut stratum 
Number or trees e:r acre 
Engelmann Subalpine Lodgepole Douglas Quaking 
D.B.H. spruce fir pine fir aspen Total 
4 7.7 53.1 1.2 22.2 83.2 
6 5.8 24. 7 .84 .04 10.4 41.8 
8 4.4 15.8 1..13 .07 2.99 24.4 
10 4.1 13.97 .62 .ll 2.73 21.5 
12 3.75 9.59 .57 .19 3.37 17.5 
ll 2.95 5.60 .44 .15 2.15 11.3 
16 2.74 4.12 .2c, .07 .85 8.1 
18 2.01 2.85 .23 .04 .20 5.J 
20 1.78 2.03 .26 .13 .07 4.3 
22 1.64 1.21 .04 .04 .15 3.08 
24 .92 .69 .04 .04 1.69 
26 .83 .35 .04 .07 1.29 
28 .41 .20 .61 
JO .32 .088 .088 .496 
32 .22 .103 .029 .352 
34 plus .J8tl .11.5 .03 .04 .573 -
Total 39.9.58 134-516 5.68o 1.107 44-150 225.411 
% Total 19-.490 65.2 2.8 .so 12.1 206.391 
Species: Engelmann spruce -- Picea engelmanii Parry 
Subalpine fir -- Abies lasiocarpa Nutt. 
Lodgepole pine - Pi.nus cont.or1;a Oougl. 
Douglas fir -- Pseudotsuga menziesii Mirb. 
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Figure 4. Histogram showing structure of Engelmann 
spruce-subalpine fir, uneven-aged stratum, on University 
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test of significance of 'r' was 1.4.3; the one percent probability level 
for 20 degrees of freedom was 2. 86, indicating the 1r 1 was highly sig-
nificant. The least square fit is shown in Graph 7, page 66. This is 
the average structure for the stratum . 
Range of Structures in the Stratum 
Meyer (1943), in his study of the range of structures in virgin , 
undisturbed stands in the birch-beech-maple-hemlock forests in northern 
Pennsylvan:i..l, selected stands 20 to JO acres in area and made a 100 per-
cent tally of trees by diameter classes. He prepared frequency distri-
lntions for each of the selected areas and calculated the •a I and 1k 1 
ccafficients for each. He then showed the relationship between the 1a 1 
and 'k' values to be linear, with high •a I coefficients associated with 
large 'k I values • For each of the structures he determined the volume 
per acre and the proportion of the volume in small, medium, and large 
tree diameter classes. F.ach structure was then plotted on a triangular 
graph, similar to the one· used to classify soil texture on the basis of 
the proportions of clay, silt, and sand, based on the percentage pro-
portion of volume by these tree classes. The array of these plotted 
points thus delineated the probable range of structures in virgin, 
unmanaged stands in this type. 
In this investigation, the range of stand structures in the Engel-
mann spruce-suba.lpine fir, uneven-aged stratum on the University Forest 
was determined as a result of the random seloction of sets of five con-
tiguous one-quarter acre, systematically located forest inventory plots. 
The individual plots were spaced five chains apart in cruise lines, and 
the cruise lines were run at :five-chain intervals through the stratum. 










Graph 7. Least square f'i t for 
stand structure in 274 one-fourth 
acre plots or Engelmann spruce-
subalpine f'ir uneven-aged, uncut 
stratum, University- Forest, 1950 
inventory. 
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sample of the stand conditions on an area of 12 .5 acres. While not as 
large as the area used by Meyer (1943) in his study of stand structure, 
this size appears to be adequate. It provided suitablo diameter class 
frequency data to describe the average stand structure for the sampled 
area on the basis of the exponential function y • k e-ax. A mmber 
smaller tbah five one-quarter acre plots did not contain sufficient 
trees throughout the range of D.B.H. classes to develop a relatively 
smooth frequency curve. A number larger than five seemed to improve the 
fit or the data to the exponential 1'1nction. To test this observation, 
sets or plots consisting or ten, twenty, and forty plots were selected 
on a random basis from the stratum. The data from each set were fitted 
by least squares to the exponential function and coefficients of corre-
lation computed for each. Twenty replications were selected for each 
set size. The ten-plot sets averaged .867 for the 1r2 1 value with none 
less than .867. The twenty-plot sets had an average •r21 value of .95 
with none less than .88. The forty-plot set~ had an average 1r2 1 
value of .95 with none less than .91. The twenty five-plot sets used in 
this study to determine the probable range in structures had an average 
•r2 1 value of .88 with none smaller than .6l. Al though this was not as 
good as the larger sized sets, it was considered to be a satisfactory 
fit. 
Another factor considered in the selection of the set size was the 
relative spread or width of the structure pattern. '!he larger ~e set 
size the smaller the range o:f structures about the mean structure. It 
was desired to determine the largest spread of structures; consequently, 
the fivij-plot sets favored this. S"ince the five-plots provided a satis-
factory fit to the exponential function and yet provided the widest 
dispersion or spread of structure, it was selected as a suitable size for 
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the investigation in question. 
In order to provide an unbaised basis for the random selection of 
the sets of five contiguous one-quarter acre plots within the stratum, 
the 274 cruise plots, originally classified as uneven-aged, uncut, were 
augmented by _l.40 additional plots reclassi.!ied as essentia~ undisturbed 
by any recent cutting. These plots were identified and spotted in 
position on the forest type map. This map is shown in Plate VI with red 
dots indicating the location of' these 41.4 plots. Sets of' five contiguous 
plots were then circled on the map, overlapping, so that a large number 
or such contiguous sets could be made. A total of' 11.6 sets were so 
delineated and each set numbered. The rm.mbers were thoroughl3 shuffied, 
and renumbered, and then by means of a table of random numbers, 21 sets 
were selected. Stand tables were prepired f'rom the plot tally sheets 
for these plots, giving rmmber or trees per acre by 2-inch diaDEter 
classes from 4-inch D.B.H. to 32-inches D.B.H. 
The data from each of the selected sets of plots were fitted to the 
exponential function by least squares. Table 17, page 70, lists the 1a 1 
and 1k I coefficients and •r2 1 values for each. Graph 6 shows the plotted 
curves for the 21. sets. 
It was observed there was a relationship between the rel.a tive mag-
nitude of the 1a' and 1k' coefficients. The pairs of values were plotted 
and the relationship was curvilinear with a fair fit to the coordinate 
pairs. Graph 9, page 72, shows this relationship. Meyer (1943) in his 
study of the beech-birch-maple-hemlock type showed a linear relationship 
between these .two coefficients. This curve had possibilities of serving 
as a means of del.ineating the range or structures in the stratum, but it 
was felt 21 points were not sufficient to fit a good curve or to provide 
enough data for a calculation of a standard error of estimate for the 
University Forest 
Red dots: Cruise plots classified as uneven-aged, uncut. 
Red boundary lines: Contiguous sets of five one-fourth acre plots. 








Table l. 7. Regression coefficients for the function y. ke-ax on the 
basis of 21 sets of contiguous five one-fourth-acre pl.ots 
or Engelmann spn,.ce-subalpine fir, uneven-aged stratum 
Regression coefficients Correlation coefficient 
Set number •a, 'k I r2 
1 -.182 165.7 .89 
2 -.109 48.93 .89 
3 -.169 94.87 .89 
4 -.131 68.99 .96 
5 -.157 97.18 .79 
6 -.l.17 43.S2 .61 
7 -.170 98.2 .87 
8 -;163 123.19 .84 
9 -.154 83.01 .89 
10 :-.216 200.83 .94 
11 -.1.55 109.8 .94 
12 -.110 71.41 .87 
13 -.176 187.85 .94 
14 -.132 89.08 .92 
15 -.184 178. 70 .90 
16 -.130 7.5.95 .92 
17 -.199 209.$0 .95 
18 -.167 91.20 .88 
19 -.128 77. 75 .86 
20 -.179 188.9() .88 






















Graph 8. Frequency distributions 
!or _ number or trees per acre by 2-inch 
D.B.H. classes on 21 sets or five con-
tiguous one-rourth acre plots of 
Engelmann spruce-su.balpine fir, uneven-
aged stratum, Least square r it or 
stand data to y • 1c.e-ax. 
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Graph 9. Rela.tionship between 1a • and 1k, 
coefficients for 21 sets of five contiguous one-
fourth acre plots of Engelmann spruce-subalpine 
fir, uneven-aged stratum. 
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curve. Consequently this approach was not exploited as a means for the 
delineation of the range of structures. 
Instead it was decided to set confidence limits about the average 
frequency distribution for the stratum in order to delineate the prob-
able range or stand structure in the stratum. 
The dispersion of the sample frequency distributions about the un-
known true mean distribution of the stratum represents a bivariate 
dispersion, one variate being the slope 1a 1 and the other the height of 
the distribution at the average D.B.H. or 'x' and designated as t-• . X 
Figures 5 and 6, pages 73 and 74, illustrate the variation of these two 
variables. The dispersion in yx is about the average yi for the 21 sets 
of plots, and the dispersion of the slope _ 'a' pivots about each Y'5c as 
they range above and below the mean Y~• The range of structures at any 




















Figure 5. The dispersion of the two parameters of stand structure. 
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Yx 
Figure 6. Illustration of the combinations of •a' and •y~' within the 
confidence limits of both variables. Area of combinations 
is cross-hatched. 
The mean value of •a I for the 21 sets of contiguous pl.ots and their 
standard deviation were calculated. The dispersion was assumed to be 
normally distributed. The average slope 'a I was -.157 and the standard 
deviation :t .0292 as derived from the 21 frequency distributions. At 
the five percent confidence level, with 20 degrees of freedom, the 
limits about the mean 'a I were .0292 x 2.08 or ! .061, giving the •a I an 
average of -.157 and ranging from -.218 to -.096. 
The ~an value for 7% was 8.20 trees per acre at the average D.B.H. 
of 16.2 inches and a standard deviation of :t 2.65. HO'ffever, the disI?9r-
sion about the mean was not normally distributed . A study was ma.de of the · 
shape or the distribution function from a series of 200 stand tables, 
each prepared from sets of five randomly selected within the stratum. 
This study showed the function tc be positively skewed and to fit Pearson 
Type III distribution . The skewness was defined by Pearscn •s Beta I and 
Beta II values, i.e., Beta I• .400 and Beta II• 3.613. Confidence 
limits were obtained from Pearson •s tables for the five percent level and 
gave values of +1.82 standard deviates and -1.48 standard deviates for 20 
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degrees of freedom. The limits were therefore set at 2.65 x 1.82 =-
and -2.65 x 1.48 c -3.92, giving an average y% of 8.20 and a range 
of 13.02 to 4.28 at the five percent confidence level. Siinilar calcula-
tions were mde for both 'a' and 'Y~ 1 at the one percent coni'idence level 
givingi 
1a 1 n -.157 with a range of -.240 to -.074 
'Yx' m 8.20 with a range of 15.36 to 3.54 
Graph 10, page 76, depicts the variation in 1a I at the extreme 
limits of the pivot point or 'Y.-'. The heavy lines delineate the limits 
X 
to the probable range of structures in the stratum at the five percent 
confidence level. Graph 11, pige 77, depicts the limits to the range of 
structures at both the one and five percent probability levels. 
Since structures are . to be defined by the slope 1a I and the y 
intercept at 0-inches D.B.H., and designated as 1k' in the exponential 
function y • ke-ax, the range of probable structures within the limits 
of Graph 11 were calculated. For each 'a' slop;: between -.218 and -.096 
by .01 steps, the maxi.mm and -minimum 1k' values were determined. The 
max:iM11m 'k' for each 'a I was calculated from the upper limit, 13.02, of 
the Y- value. X 
Upper limit of yx e ke-a(i) 
13.02 c ke-a(l6.2) 
The mininn1m 1k 1 for each 1a I between the upper and lower limits of 
'k' was calculated from the lower limit, 4.28, of the y_ value. 
X 
Lower limit of Yx. ke-a(x) 
4.28 • ke-a(l 6 -2 ) 
Tables 18 and 19, piges 78 and 79, list the range of 'k's' for each 'a' 





Graph 10. Limits or probable range of 
stand structures at the five percent 
confidence level for Engelmann spruce-
subalpine fir, uneven-aged stratum. 
X a 16.2 
a .., -.218 
a • - .096 





























Grap:1 ll. Limits of probable range or 
stand structures · for Engelmann spruce-





1% confidence limit 
a "' -.240 
a ., -.074 
5% confidence limit 










Table 18. Range of 'k' values for each slope coefficient from 
'a'• -.22 to 1a 1 • -.096, at the five percent con-
fidence level, for Engelmann spruce-subalpine fir, 
uneven-aged stratum 
la I coefficient Max:i m1m 1k' Minimum 'k 1 
-.22 459.7 151.1 
-.21 390.9 128.5 
-.20 332.5 109.3 
-.19 282.7 92.94 
-.1.8 240.4 79.04 
-.]. 7 204.5 67.22 
-.1.6 1.73.9 57.17 
-.15 147.9 48.62 
-.14 125.6 42.35 
-.13 1.01.0 35.16 
-.12 90.97 29.90 
-.ll 77.36 25.43 
-.10 65.79 21.63 
-.096 61.66 20.27 
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Table 19. Range of 1k I values for each slope coefficient from 
1a 1 = -.24 to 1a 1 • -.074, at the one percent con-
fidence level, for Engelmann spruce-subalpine fir, 
uneven-aged stratum 
'a I coefficient Vaximlm 'k' 14:ini.Jmm I k ' 
-.24 749.8 173.30 
-.23 637.7 111.0 
-.22 542.J 12S.o 
-.21. 46i. 106.3 
-.20 392.2 90.39 
- .19 333.5 76.w7 
-.18 283.7 65.JB 
-.17 241.2 55.fAJ 
-.16 205.1 4 7 .28 
-.15 174.5 40.21 
-.14 l48.4 34.19 
-.13 126.2 29.08 
-.12 107.3 24. 73 
-.11 91.27 21.04 
-.10 77.62 l7.t!9 
-.09 66.0l 15.21 
--.OB 56.13 12.94 
-.074 50.94 11. 74 
8o 
Engelmann spruce-su.bal.pine fir, uneven-aged stratum at the five percent 
and one percent confidence level. 
Graph 12 on page 81 del.inea tes foe l.imi. 'ts to tne range oi struc-
tures in the stratum at both contidence levels on the basis of the •a 1 
and 1k I coefficients. On this graEti are marked the coefficient pairs 
for the 21. structures used in the determination of the range. The 
structures with 1a I larger than -.18, and 'k' greater than 320, appear 
to extend too far beyond the basic data. Small. sampling errors in both 
'a' and y~ greatly affect the 1k 1 · values at the upper l.imits due to the 
logarithmic scale or the Y axis. This could account for the extension 
of the 1k' values beyond 320. 
Field Check on the Theoretical. Range 
or Structures in the Stratum 
In order to check this range of structures as calculated for the 
stratum, a field check was ma.de by a 100 percent tally of trees 2-inch 
diameter classes of sel.ected areas· on the University Forest. 
Three stands of approximately three acres each were selected sub-
jectively to represent extreme and average stand structures in the forest 
type. Since the 'a' and 'k' coefficients cannot be estimated by obser-
vation, the areas selected were restricted to those appearing well 
stocked but with the basal. area of growing stock distributed (1) in the 
larger timber on Area 2, (2) in the smaller diameter classes on Area 3, 
and (3) the vol.ume fairly wel.l distributed in the smll, medium, and 
large diamter classes on Area 1. 
The boundaries of each stand were marked, carefully surveyed, and 
stand area determined. A 100 percent tally of all trees by- 2-inch 
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table data from the tall7 were fitted by" least squares to the exponen-
tial function and the 'a', 1k 1 , and 'r I coefficients were determined. 
The stands were then plotted into the theoretical range of structures 
for the stratum depicted on GraJ;il 12, page 81. 
Stand Area Number 1 
The stand area No. l. appeared to be well stocked with a fairly 
uniform distribution of basal area between small, medium, and large 
timber. Small timber was considered those trees less than 12-inches 
D.B.H., medium timber between 12-inches and 20-inches D.B.H., and large 
timber greater than 20-inches D.B.H. The trees in this area were grow-
ing in even-aged groups of approximatel7 .10 to .25 acres, and these 
groups were intermixed in extremely variable fashion. The larger trees 
were scattered throughout the area. The stand had the appearance of a 
true sel.ection forest. Plate VII, pages 83 and 84, presents photo-
graphs of stand variations. The stand structure coefficients for the 
area were 1a 1 • -.2130, 'k' • 269, and 'r' • .9917. The fit is ver:, 
good as shown ey the 1r I value, and the structure fits well into the 
theoretical range of structures for the stratum. 
Stand Area Number 2 
The stand area No. 2 appeared to be well stocked with the concen-
tration of basal area in the trees larger than 20-inches D.B.H. The 
grouping of size or age classes was less obvious, and none were as 
dense as those pictured in Area 1. This area was of the best site 
quality on the Forest and had the appearance of ca~g the greatest 
volume per acre of merchantable timber. Pl.ate VIII, page 85, presents 
photographs or the stand variations in this area. The coef!icients for 
the area were 1a'. -,1079, 'k' c 82.6, and 'r' •• 9389. The data fit 
veey well the exponential function, and the structure fits just inside 
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Plate vn 
STAND ARF.A NOMBER 1
An area depleting a close approach to a well-balanced, uneven-aged stand 
in the Engelmann spruce-subalpine fir type. Average basal area per 
acre, 4-inches D.B.H. +: 137 square feet. 
Figures 1 and 2. lbotos showing the ~ure of D.B.H. size classes . 
Note the larger trees and the regeneration filling adjoining stand 
openings. 
Figure J. View of small-pole 
stand on an area of approximately 
one-fifth acre. 
Figure 4. View of a more open 
group of small poles surrounded 
by larger trees and patches of 
regeneration . 
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Pl.ate VII. Continued 
Figure 5. A group or small-poles. Approximately 0.2 acre. 
Figure 6. A dense patch of seedlings and saplings developing 
in an opening. This stand is approximately 0.3 acres in area. 
85 
Plate VIII 
STAND AREA WMBER 2 
An area depicting uneven-aged stand conditions with a concentration of 
stand volume in large timber, Engelmann spru.ce-S11balpine fir type. 
Average basal area per acre, 4-inches D.B~H.+: 255 square feet. 
Figures l and 2. Large trees up to 32-inches D.B.H. with total height 
of 132 feet. Note representation of smaller dl.ameter classes. 
Figure 3. A view or seedlings 
and saplings in stand openings. 
Figure 4. A dense stand of 
poles. 
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the theoretical. limits for the range of structures. 
Stand Area Number 3 
The stand area No. 3 was selected to provide a stand with the 
greatest concentration of basal area in trees smaller than 12-inches 
D.B.H. yet representing well stocked stand conditions, or the opposite 
extreme from Area 2. This stand was situated along the border of the 
forest type adjoining the even-aged lodgepole pine type and -appeared to 
have been within the burned area from which the even-aged pine had 
originated. The area was not classified in the uneven-aged stratum. 
It is in a border area between this stratum and the Engelmann spruce-
subal.pine fir young-gr01'th stands. Plate IX, i:age 87, presents photo-
graphs within the stand showing the smaller tree diameters and the 
smaller range of tree diameters. The coefficients for the area were 
•a 1 • -.2778, 1k 1 • 688.7, and 'r' - .976. Trees were not larger than 
22-inches D.B.H. The curve fit is good wt both the 'a' and 'k' coeffi-
cients exceed the l.imits of the theoretical range of structures in the 
stratum; the sl.ope of the distribution is too great, and the whole dis-
tribution is too high. 
This limited test or the applicability or the theoretical range or 
structures showed two or the three test areas are within the limits of 
the structures, the third representing a newly developing uneven-aged 
stand in relatively young timber. Test areas were not selected in open 
or badly understocked stands since the extremes or light stand density 
are open areas and as such are not alternatives for stand strucillre. 
Structures from Contiguous One-quarter Acre Plots 
A further check of the structures obtained from the sets of five 
contiguous plots showed all 21 structures fitted into the theoretical 
range derived !rom them. This is not much of a proo! of the theoretical 
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Plate II 
STAND ARF.\ NOKBER 3 
An area depicting a relatively young, even-aged appearing stand with the 
concentration or volume in young trees, Engelmann spruce-subalpine fir 
type. Average basal area per acre 4- inches D.B.H.+ 1 191 square feet . 
Figure 1. Note the mixture or 
D.B.H. classes and the presence 
or lodgepole pine. 
Figure 3. Larger trees in the 
stand. Maximum D.B.H. is 22 
inches. Average stand diamater 
is 12 inches. 
Figure 2. A. dense group of sap-
lings, mastly- subalpine fir. 
Figure 4. View of scattered 
clumps 0£ subalpine fir poles. 
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range since it used the same data as were used to develop the limits; 
nevertheless, it does point out the method used to develop the limits 
appears to be a reasonable one. The 21 basic data structures are shown 
plotted within the limits on page 81, Graph 12, Range of structures. 
Ir any comment could be made, it would be that the structures with high 
'k' and high •a' in the theoretical range were not represented in the 
basic data. Consequently, the structures in this upper range might be 
open to doubt. This would be a serious defect i£ in the present worth 
analysis of potentially optimum structures the choice might f'a.11 in the 
range or 'k' larger than 320 and 'a I larger than -,21. 
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IX 
BASAL AREA, VOLUME AND CONVERSION SURPLUS VAWF.S CHARACTERISTICS 
OF THE RANGE OF STIUCTORE.S m THE STRA'lUlt 
The basal area, volume and conversion surplus values per acre for 
growing stock or stand structures, defined by the I j I shaped exponential. 
distribution or mi.mber of trees per acre by diameter classes, ,rere 
determined by summation or these quantities for each diameter class in 
the structures. 
Given the •a I and 1k 1 parameters, the number of trees per acre in 
each dianeter class can be calculated or read directly from the plotted 
curve of the function y = k e-ax where: 
y is the number of trees per acre in each x diameter class 
k is the y intercept at zero inches, diameter 
a is the slope of the distribution 
e is the Naperian constant 2. n828. 
For example, a distribution with a 1k' of 1.00 trees per acre and an 
'a I of -.10 would have the following number of trees per acre by D.B.H. 
classes: 







etc. to 32 
Basal area per acre for the structure was computed by multiplication 
of the IDJ.mber of trees in each diameter class by the basal area of the 
class midpoint and summing the products . 
Cubic root and board foot volume per acre were similarly computed 
by summation of the products of number of trees by D.B.H. class and 
suitable local volume table values for each D.B.H. class. 
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Conversion surplus value per acre for the structures was compited 
in the same manner but using the value per D.B.H. class. 
The compitation £or all the structures in the probable range of 
structures for the stratum would be very time consuming if performed by 
hand. Fortunately an IBM 1620 electronic computer was available and a 
program was written to perform this repetitive task (Appendix Table 24). 
A range of 'k' values from 30 to 46o by 10-uni t steps and I a I values from 
-.06 to-:.30 by .02-unit steps were written into the program and a machine· 
run was made for the calculation of the basal area, cubic and board foot 
volumes, and conversion surplus values for 1024 structures • This re -
quired two and one-half hours of machine time. Since the program was to 
be run four tines to incorporate annual diameter growth data at four 
stand density levels, the first run values were examined to see if 
extrapolation could be used, therefore permitting a reduction in the 
range of' •a' and 'k I valuee, and yet extend the values to limits beyond 
the calculations. It was observed that the per acre stand values for 
all units increased linearly £or each 'a' value and through the range of 
'k' values. Consequently, the limits were reduced for the 'k' from 30 
to 230 and the 'a' from .10 to .30 . 
Table 20, pages 91, 92, and 93, contains the ou tpi t for basal area, 
cubic feet, board feet, and conversion su.rplus per acre for structures 
within the range indicated. In-put local volume tables are those of 
Tables 8 and 9, pages 50 and 53. In-µit for conversion surplus values 
was from Table 14, page 6o. 
Graphs 13 to 16, pages 94 to 97, were prepared from the out-µit 
data and extrapolated to include the range cf structures at the five 
percent probability level and listed in Table 20. The red lines on the 
graphs delineate this range of structures. 
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Table 20. Basal area, volume and value characteristics for stands 
with.in the range of structures in the ·Engelmann spruce-
su.balpine f'ir, uneven-aged stratum on the University Forest, 
five percent confidence limits 
Stncture Basal area Cubic foot Board foot Conversion 
coe£ficients ~r acre volume/acre volume/acre surplus value 
'a, 'k' 4"-32" · 611-32" 12"-32" 12"-32" D.B.H. D.B.H. D.B.H. D.B.H. dollars 
-.10 30 104 3057 13.900 420.39 40 140 4077 18,550 560.53 so 173 5096 23,200 700.66 {:JJ 208 6115 27,800 840.79 
-.12 30 71 2021 8,tsoo 259.15 40 94 2695 11,800 345.53 50 118 3368 14,700 431.91 6o 142 4042 16,600 518.30 70 165 4716 20,400 6o4.68 Bo 189 5389 23,300 691.07 
90 213 6063 26,'400 777.45 
-.14 40 66 1814 1,,00 215.53 ,o 82 2268 9,400 269.42 60 99 2722 11,300 323.J0 
70 115 3175 13,000 377.19 Ao 132 3629 15,000 431.07 90 148 4062 16,900 484.96 100 165 4530 18,700 538.84 110 181. 4990 20,400 592.73 120 198 5443 22,300 646.61 
130 214 5597 24,300 100.50 
-.10 50 59 1556 6,000 170.10 
bO 71 ld67 7,200 204.12 70 82 2178 8,400 238.14 80 94 2489 9,700 272.16 
90 106 2800 10,900 JOo.19 100 118 3lll 12,100 340.21 llO 130 3423 13,200 374.2.3 120 141 3734 14,400 408.25 130 153 4045 15,600 442.27 140 164 4356 16,900 476.29 150 177 4667 18,100 510 • .31 16o 188 4978 19,200 544.33 170 200 5289 20,400 578.)6 
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Table 20. Continued 
Structure Basal area Cubic foot Board root Conversion 
coefficients per acre volume/acre volume/acre surplus value 4"-32" 6"~32" 1211-32!! . ·12 11-3211 D.B.H. 'a, 'k I D.B.H. D.B.H. D.B.H. dollars 
-.18 70 6o 152l. 5,400 152.20 
80 69 1739 6,100 173.95 
90 77 1956 6,900 195.69 
100 86 2173 7,800 217.43 
110 94 2391 8,600 239.18 
120 103 2t>0e 9,400 260.92 
130 112 2825 10,200 282.67 
140 120 3043 11,000 304.41 
150 129 3260 11,800 326.15 
160 137 3477 12,6oO 347.90 
170 146 3695 13,400 369.64 
18o 154 3912 14,200 391.38 
190 163 4129 15,000 413.13 
200 17:l 4347 15,800 434.87 
210 180 4564 16,800 456.62 
220 189 4781 17,400 478.36 
230 197 4999 18,200 500 .10 
-.20 100 64 1545 5,200 lho.67 
110 70 1700 5,Boo 154. 74 
120 77 1854 6,200 168.80 
130 83 2009 6,800 182.87 
140 90 2163 7,200 196.94 
150 96 2318 7,800 2ll.Ol 
160 102 2472 8,200 225.07 
170 109 2627 8,900 239.14 
180 us 2781 9,400 253.21 
190 121 2935 10,000 267.28 
200 128 3090 10,400 281.34 
210 134 3245 11,000 295.41 
220 141 3399 11,600 309.48 
230 147 3554 12,000 323.55 
240 153 3720 12,600 342.00 
250 159 3890 13,200 356.00 
26o 166 4050 13,100 370.00 
270 172 4200 14,200 385.00 
280 18o 4340 14,800 400.00 
290 186 4500 15,300 412.00 
JOO 192 4650 15,900 420.00 
310 199 4810 16,400 440.00 
320 204 4960 16,900 455.oo 
330 2ll 5120 17,500 470.00 
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Table 20. Continued 
Structure Basal area Cubic root Board foot Conversion per acre volume/acre volume/acre surplus value coe!!icients 4"-32" 6"-32" 12"-3211 12"-32 11 D.B.H. la I 'k' D.B.H. D.B.H. D.B.H. dollars 
-.22 120 $8 1340 4,100 ll0.53 
130 $-3 1452 4,6oo 119.74 
140 68 1564 4,Boo 128.95 
150 73 1675 5,100 138.16 
l6o 78 1787 5,500 147 .37 
170 83 1899 5,900 156.58 
180 87 2011 6,200 165.Bo 
190 92 2122 6,700 175.0l 
200 97 2234 6,900 184.22 
210 102 2346 7,200 193.43 
220 107 2457 7,700 202.64 
230 112 2569 a,ooo 211.85 
240 117 2700 8,300 221.00 
250 121. 2800 a,100 230.00 
26o 126 2910 9,000 240.00 
270 131 3020 9,400 250.00 
280 136 3120 9,Boo 26o.oo 
290 141 326o 10,100 208.00 
300 146 3380 10,300 276.00 
310 151 3490 10,800 285.oo 
320 156 J6o0 11,200 294.oo 
330 161 3700 ll,600 303.00 
340 166 3810 11,900 313.00 
350 170 3920 12,200 321.00 
36o 175 4040 12,6oo 330.00 
.370 180 4160 12,900 340.00 
380 185 4280 13,300 .350.00 
390 190 4400 13,600 J6o.oo 
400 194 4500 14_,ooo 370.00 
41.0 199 46oO 14,400 380.00 
420 204 4700 14,800 390.00 
. 430 209 4810 15,100 399.00 
440 214 4920 15,400 408.00 
450 219 5020 15,800 416.00 
46o 223 5120 16,100 425.00 
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Graph 16. CoDYeraion surplus value or growing stock (dollars) per acre at 1 
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Graphs 17 and 18, pages 99 and 100, show the three-dimensional 
relationship between basal area per acre and cubic foot volume per 
acre for structures with varying 1a I and 'k' values. These two graphs 
bring out the linear increase of stand val.ues with unit changes in the 
1k I value for each 1a I slope coefficient, and the curvilinear increase 
with unit decrease in the 'a' coefficient for each 1k 1 value. The 
curvilinear increase is of an exponential form identical to that of the 
frequency distributions. The linear relationship can be readily ex-
plained; any shift of the entire frequency distribution by D.B.H. 
classes upward or dowmrard, but with no change in the slope, does not 
change the ratio of number of trees in adjoini:1g di.a.metsr classes. 
Consequently, the difference :in stand volume or value is directly pro-
portional to the change in height of 1k' value of the distributions. 
From these graphs and tables, then, the growing stock character-
istics of tile range of balanced stand structures in the stratum were 
ma.de available. From these stand structures, all of which are assumed 
to be ecological possibilities for the stratum in the University Forest, 
selections may be made among them for stand regulation purposes. 
'lbe next step was to estimate the productivity of each of these 
structures to facilitate the selection of the potentially most desirable 
structures. Section I presents the procedures used for calculating the 
periodic annual volume and value increase for the stand structures. 
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Graph 17. Stand basal area per acre in relction to 'a I and 'k, 
values for trees 4- to 32-inches D.B.H., Engelmann spruce-suoo.lpine 
fir, uneven-aged stratum, University Forest. 
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Graph 18. Stand volume per acre (cubic feet) in relation to 1a 1 
and 1k I values for trees 6- to 32-inches D.B .H., Engelmann spruce-
suba.lpine fir, uneven-aged stratum, University Forest. 
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X 
CALCUIATION OF PERIODIC ANNUAL GBOWTH 
The application of diameter growth by diameter classes to the range 
of structures permits the calcula. tion o! the annual gross vol~ and 
value increase, as 11ell as the calculation of the rate of return per 
unit o! invested growing stock volume or value. 
The increase in volume of trees is the result of diameter growth, 
height growth, and change in form. Local volume tables, applicabl.e to 
the area and species, were used to estimate the increase in volume with 
growth in diameter. 
The increase in stand volume, within specific diameter classes in 
a s-tand, is the result or the increase in number of trees in these 
classes. This gross increase includes the trees which have died or 
have been harvested during the growing period. The net increase in 
volume is due to the combined effect of trees growing into the diameter 
class !rom smaller classes and trees growing out of the class into 
larger diameter classes. 
Stand Projection Methods 
Stand projection methods can be used to make .estimates of antici-
IB ted gross or net changes in the volume of a stand £or short periods in 
the future (Meyer, 1942b). These projected changes are based on a shift 
in number of trees by diameter classes due to the diameter growth of the 
trees. The diameter growth for the future period is based on the pa.st 
diameter growth of trees of identical sizes . A further assumption 
implies the climatic and competitive growth cycles for the individual 
trees will not greatly differ from the pa.st. These assumptions, in 
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addition to that of estimated mortality, are sources or serious errors. 
This occurs first, because climatic conditions are not constant; and 
secondly, any stand disturbance, such as cutting, will affect the _ com-
petitive conditions for the residual trees and thereby affect dianeter 
growth. 
Stand projections methods can be used,, bearing in mind the cited 
possible errors, for stands of even-aged character, balanced all-aged 
stands, or very irregular stands. H. Arthur Meyer (1933 , 1952) has 
developed a method of stand projection specifically applicable to 
uneven-aged stands of balanced structures defined by the exponential 
functioi1 y • k e-ax . The 111:!thod permits the direct calculation or gross 
percentage increase in number of trees by diameter classes and can be 
programmed for electronic computer operations. The latter point is of 
little importance if a single stand is involved; but for the calcula-
tion of the growth increase for many stands or varying structures, as 
this study has undertaken, it has a great advantage. 
Gross Percentage Annual Increase 
Number of Trees. The gross percentage annual increase in number of 
trees by diameter classes was calculated by the formula: (q I/d -l) x 
100. The 'q I value is the ratio of number of trees in adjoining 
diameter classes and is the geometric ratio or change in number of 
trees by diameter classes for balanced stand structures. It is related 
to the 'a' coefficient of the exponential function and defines the 
slope or rate of change for the contirm.ous function describing the stand 
structure. For stand tables with trees classified by one-inch diameter 
classes_ the relationship between 'q I and 1a I is q • ea; for two-inch 
diameter class interval is q • e 2a; for four-inch diameter class inter-
val is q = e4a; and so forth. Th.e 'I' in the equation is the annual 
103 
diameter growth for the class, and the 1d' is the width of the diameter 
class in inches. Toe percentage increase formula can also be expressed 
as (eaI - 1) x 100. 
Basal Area. The gross percentage annual increase, when applied to the 
basal area, volume, or value of growing stock- in each diameter class, 
gave the increase by diameter class in these units of growing stock. 
The increase per acre for a particular stand is the sum of the increase 
for the diameter classes in the stand. 
Percentage. On the basis of these computations, the gross armual in-
crease in growing stock units, and in percentage, was calculated for 
stands within the theoretical range of structures, but restricted to 
those with basal areas per acre from (iJ to 220 square feet. 'lbe com-
p.iter program was processed separately for the four diameter gl:'owth 
curves found in Graphs 1 to 5 and Table 7. The percentage growth data 
for the 140 to 179 basal area diameter growth curves were ta.ken from 
IBM output. From these data the annual percentage increase for the 
stand structures falling into each of the basal area density classes 
was assembled and presented in Table 21, pages l0u to 106. 
The annual percentage increase in conversion surplus value per 
acre ,,as then plotted against the 1k I and 1a I coefficients. Curves were 
drawn over these data showing the relationship between annual percentage 
increase in conversion surplus value, the 1k 1 and 'a' coefficients. 
Since only four density- stand classes were recognized, and only one 
diameter growth curve used for each, the plotted percentage increase 
values are in the form of an irregular step function. This is due to 
the abrupt changes in diameter growth when a different diameter growth 
was used for eacn stand density class. However, if many small-interval 
density classes and correspondingly gradual changes in the diameter 
104 
Table 21.. Percentage arum.al value increase for stand structures with (:£J 
to 220 square feet per acre basal area, .6ngelmann ·spruce-
subalpine· fir stratum, University Forest (data source: 
computer tables for Output Sets A, B, C, and D; curve data: 
Grapi 19, pige 108} _ 
Com~ter outE!:t Graph 
Structure Basal. area Percentage percentage 
coef!ic-ients . per acre Set value value 
'a, 'k' 4n-D.B.H.+ No. increase increase 
-.10 30 104 B 1..40 1..40 
40 140 B 1..40 1.39 
50 173 C l.24 1.23 
6o 208 D .98 .98 
··.12 30 71 A 1. 9tl 2.06 
40 94 A 1.98 1.99 
50 lltl B 1.67 1. 73 
6o 142 C l.4tl 1.56 
70 165 C 1.48 l.l.J.O 
!jQ . Ul9 D 1.16 1.24 
90 213 D l.16 1.08 
-.14 40 66 A 2.31 2.43 so 82 A 2.31 2.30 
60 99 A 2.31 2.17 
70 us E 1.94 2.04 
80 1.32 B 1.94 1.90 
90 141:S C 1.71 1.78 
100 165 C 1.71 1.64 
110 181 D 1.34 1.51 
120 198 D 1.34 l.3ts 
130 214 D 1.34 1.25 
-.16 50 59 A 2.64 2.78 
00 71 A 2.64 2.67 
70 82 A 2.64 2.57 
80 94 A 2.64 2.47 
90 106 B 2.21 2.37 
100 118 B 2.21 2.27 
110 lJu B 2.21 2.17 
120 141 C 1.94 2.07 
130 153 C 1.94 1.96 
140 164 C 1.94 1.85 
150 177 C 1.94 1.75 
160 188 D 1.51 1.65 
170 200 D 1.51 1.55 
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Table 21. Continued 
Com;e:ter oute!t Graph 
Structure Basal area Percentage percentage 
coefficients per acre Set value value 
ta I 'k' 4"-D.B.H.+ No. increase increase 
-.18 70 60 A 2.97 J.18 
80 69 A 2.97 J.08 
90 77 A 2.97 2.98 
100 86 A 2.97 2.88 
110 94 A 2.97 2. 78 
120 1.03 B 2.47 2.68 
·130 112 B 2.47 2.58 
l.40 120 B 2.47 2.48 
150 129 B 2.47 2.38 
1.60 137 B 2.47 2.28 
170 146 C 1.94 2.18 
180 154 C 1.94 2.08 
190 163 C 1.94 1.98 
200 171 C 1.94 1.88 
210 180 D 1.67 1.78 
220 189 D 1.67 1.68 
230 197 D 1.67 1.57 
-.20 100 64 A 3.29 3.52 
110 70 A 3.29 3.43 
120 77 A 3. 29 3.34 
1.30 83 A 3.29 3.2, 
l.40 90 A 3.29 3.16 
150 96 A 3.29 3.07 
16o 102 B -2. 73 2.98 
170 109 B 2. 73 2.89 
180 115 B 2.73 2. 80 
1.90 121 B 2.73 2.71 
200 128 B 2.73 2.62 
210 134 B 2.73 2.53 
220 14l C 2.38 2.43 
230 147 C 2.38 2.36 
240 155 C 2.28 
250 160 C 2.19 
260 166 C Extrapolated 2.11 
270 174 C 2.02 
280 180 D values 1.93 
290 185 D 1.83 
300 194 D 1..7.5 
310 200 D 1.68 
320 205 D 1.58 
330 210 D 1. 49 
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Table 21. Continued 
Come:ter oute:t Graph 
Structure Basal area Percentage percentage 
coefficients per acre Set value value 
ta I 'k' 411-D.B.H.+ Uo. increase increase 
-.22 120 58 A 3.62 3.95 
130 63 A 3.62 3.88 
~o 68 A 3.62 3.80 
150 73 A 3.62 3.73 
16o 78 A 3.62 3.65 
170 83 A J.62 3. 58 
180 87 A 3.62 3.51 
190 92 A 3.62 3.43 
200 97 A 3.62 ~.36 
210 102 B 2.99 3.28 
220 107 B 2.99 3.21 
230 112 B 2.99 3.13 
240 120 3.06 
250 125 2.98 
260 130 Extrapolated values 2.90 
270 135 2.83 
280 140 2.76 
290 145 2.68 
300 150 2.61 
310 155 2.54 
320 160 2.46 
330 lo5 2.38 
340 170 2.30 
350 175 2.24 
36o 100 2.18 
370 185 2.08 
380 190 2.01 
390 195 1.93 
400 200 1.86 
410 205 l. 78 
420 210 1.70 
430 215 1.62 
440 220 1.54 
450 225 1.46 
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growth curves had been used, the step function would have been reduced 
to one approaching a smooth curve such as have been drawn over the 
plotted points in Graph 19. 
Wi tnin the red lines on Graph 19 are tne annual percentage value 
increases for structures 71ithin the probable range for the stratum at 
t.~e five percent confidence level. 
Graph 19 shows that the greatest annual percentage value increases 
occur for stand structures witn high 1k' and high minus 1a' values. The 
three-dimensional Graph 20 more clearly shows this relationship. 
Fercentage Value Increase. On the other hand, the annual gross value 
increases are greater for stand structures witn high 1k 1 but low minus 
'a' values. The tnree-dimensional Graph 21 clearly shows this relation-
ship. Graph 22 is also presented to show tne relationship between 'k 1 
and 1a 1 coefficients and tne yalue of invested growing stock in differ-
ing structures. It is apparent tnat structures witn th~ greatest value 
of invested growing stock have tne greatest annual value growth but the 
lowest percentage return per unit of invested growing stock. 
If a cnoice of the potentially optimum structure would be based 
only on annual val.ue return, opposite structural extremes, when Viewed 
~rom tne va1.ue of the growing stock, could prOd.uce optimum returns 
depending upon how this optimum return is to be expressed, i.e., maximum. 
annual value return or maximum rate of return on the invested growing 
stock. 
Actually, the choice or the potentially optimum structure from 
within the range of possible stand structures must take into considera-
tion not only the annual returns of tne alternate choices, but also, 
the additional investment in growing stock required to shift to another 
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'k' values for trees 12- to 32-inches D.B.H., Engelmann spruce-subalpine 
fir, uneven-aged stratum, University Forest. 
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of less value. 
Consequently, the annual value gro;vth and the value of the growing 
stock producin~ mis i.ricrease are both essential. for the selection of 
the potentially optimum structure for any existing stand structure. 
Summary Table 
The summary table giVi.ng growing stock and growth characteristics 
for the range of structures in the stratum is presented in Table 22, 
i;ages 113 to ll6. 
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Table 22. Summar7 or stand basal area. vol119! •- conversion surplus 7alue. and am 
spruce-subalp1ne ttr, uneven-aged stratua, Untversit7 Forest 
(1) (2) (J) (4) (S) (6 
Stand 
percentage Sta 
Stand Stand Stand Stand bd. tt. vol. bd. tt 
structure basal area cu. tt. vol. bd • rt. Yol. increase• gr'OI 
coetttc i.ent.a per acre per acre per acre annual anm 4• to 32• 6• to J2" 1211 to )2" 1211 to )2" 121 ti 'a, 'k' D.B.H. D.B.B. D.B.R. D.B.H. D.B 
-.10 JO 104 J,057 13,900 1.37 19: 
40 140 4,07/ 18,SOO l.J4 251 so 17) 5,096 2J ,200 1.16 271 
60 208 6,US 27,800 0.91 251 
-.12 JO 71 2,021 8,800 2.0J 174 
40 94 2,695 U,800 1.96 2J: so U8 J,)68 14,?00 1.65 24'. 
60 142 4,042 16,600 1.48 2~ 
70 165 4,716 20,400 l.Jl 26' 
80 189 5,.'.380 2J,JPO 1.14 26 
90 2lJ 6,06J 26,400 0.98 25, 
-.14 40 66 1,814 7,SOO 2.)9 17' 
50 82 2,268 9,400 2.26 21 
60 99 2,722 U,JOO 2 .lJ 24 
70 ll5 J,175 lJ,000 1.96 25. 
80 1J2 J,629 15,000 1.82 27. 
90 148 4,082 16,900 1.66 28 
100 165 4,5J6 18,700 1.52 28 
llO 181 4,990 20,400 l.J9 28 
120 198 5,443 22,JOO 1.24 271 
1)0 214 5,897 24,JOO 1.11 27 
•Percentage annual volwae increase adjusted tor stand density by the sam propor 
bpercentage annual value increase adjusted tor stand density. 
,urplus 7alue, and annual growth tor range or s~nd structures, Eagel•nn 
rsity Forest 
<s> (6) (?) (8) (9) 
Stand Starxl Stand Stand 
percentage Starxl conntrsion percentap conversion surplus 
bd. rt.. vol. bd. rt . vol. surplus C. s. value increaae 
increase• growth value per acre increaaeb •nnaal annual annual dollars annual · doll.arts 
12" to )2" 121 to )2" 121 to )2" 12• to 32• 12• to 32.• 
D.B.H. D.B.H. D.B.B. D.B.H. D.B.B. 
l.J7 191 420.)9 1.42 s.91 l.J4 250 560.53 1.)9 7.79 
1.16 270 700.66 1.2) 8.62 
0.91 250 840. '79 0.98 8.24 
2.03 179 259.15 !.06 5.)4 1.96 2)1 '34S.53 1.99 6.88 
1.65 24) 4)1.91 1.7) · 7.47 
1.48 2~ 518.)0 1.56 8.09 1.)1 267 604.68 l.40 8.47 1.14 266 691.07 1.24 a.s1 0.98 258 'lrl.4S 1.08 8.40 
2.)9 179 215.5.3 2.4J s.24 2.26 212 269.42 2.)0 6.20 2.1) 241 )2).)0 2.17 7.02 l.96 255 377.19 2.04 7.69 l.82 27.3 4)1.07 1.90 a.19 1.66 280 484.96 l.78 8.6) 
1.52 284 5)8.84 1.64 8.84 
1.39 284 592.7) 1.51 e.95 l.24 276 646.61 l.)8 8~92 
1.11 270 100.so 1.25 8.76 
ty by the same proportional adjustment given tor value increase. y. . 
114 
Table 22. Continued 
(1) (2) (J) (4) <s> 
-.16 so 59 1,556 6,000 2.19 
60 ?l 1.,867 ?,200 2.68 
70 82 2,178 8,400 2.51 
80 94 2,489 9,100 2.46 
90 106 2,800 10,900 2.JO 
100 118 J,lll 12,100 2.29 
llO 1.)0 J ,42J - lJ,200 2.09 
120 141 J ,7.34 14,400 1.9) 
lJO 15) 4,045 15,600 1.82 
140 165 4,JS6 16,900 1..71 
150 117 4,66? 18,100 1..60 
160 188 4,9'/8 19,200 1.47 
170 200 5,281} 20,)89 l.J6 
-.1.a 10 60 1.,521 5,400 J.12 
80 69 1.,739 6,100 J.02 
90 11 1,956 6,900 2.92 
100 86 2,173 1,800 2.82 
11.0 94 2,)91 8,600 2.72 
120 10) 2,608 9,llOO 2.57 
130 112 2,825 10,200 2.4? 
140 120 J,04J ll,000 2.J? 
150 129 J,260 11,800 2.27 
160 l'.37 J,4?? 12,600 2.17 
1.?0 llt6 J,695 1),400 2.00 
180 154 J.912 14,200 1.90 
1.90 l.6J 4,129 15,000 l.80 
200 171 4,J47 15,800 1.70 
210 180 4,564 16,800 1.60 
220 189 4,781 17,400 1.48 
2)0 197 4,999 18,200 l.J8 
(5) (6) (7) (8) (9) 
2.19 169 170.10 2.84 4.8J 
2.68 19) 204.12 2.73 5.57 
2.~ 216 2)8.14 2.62 6.24 
2.46 2J9 212.16 2.51 6.8J 
2.)0 251 J06.19 2.40 7.35 
2.29 · 271 240.21 2.)9 7.79 
2.09 ~6 )'14.2) 2.19 8.20 
l.9J 2?8 408.25 2.08 e.49 
1.82 284 442.27 1.97 8.71 
1.71 289 476.29 1.86 8.86 
1.60 290 510.31 1--;75 8~93 
1.47 282 sr-4.3:3 1.64 8.9.J 
1.)6 277 578.)6 l.SJ a.as 
).12 168 152.20 ).18 4.8ft 
).02 184 17.J .95 ).08 s . .36 
2.92 202 195.69 2.98 5-8.3 
2.82 220 217.43 2.88 6.26 
2.12 2)4 2)9.18 2.78 6.6s 
2.57 242 260 .• 92 2.68 6.99 
2.47 252 282.67 2.58 7.29 
2.37 261 )0).41 2.48 1.ss · 
2.27 268 )26.15 2.)8 7.76 
2.17 272 34?.90 2.28 7.9.3 
2.00 268 .369.64 2.18 8.~ 
1.90 270 391.)8 2.08 8.14 
1.80 270 4]J.l) 1.98 8.18 
1.70 269 4)4.87 l.88 8.18· 
1.60 269 456.62 l.?8 8.13 
1.48 258 468.)6 1.68 8.04 
1.)8 251 500.10 1.57 7-85 
ll5 
Table 22. Contimled 
(1) ·c2> ()) (4) (5) (6) 
- . 20 100 64 1,545 5,200 )."6 1?9 
1.10 70 l,?00 5,800 3.37 196 
120 n 1,854 6,200 ).28 20) 
1.)0 8.3 2,009 6,800 )-19 217 
1.40 90 2,16) 7,200 ).10 22J 
1.50 96 2,)18 7,800 ).01 2'5 
160 102 2 ,4?2 8,200 2.85 2)4 
l?O 109 2,627 8,900 2.76 2116 
180 115 2,781. 9,400 2.67 251 
190 121 2,935 10,000 2.58 258 
200 128 ),090 10,400 2."9 259 
21.0 lJ4 · ),245 11,000 2.40 264 
220 141 ),)99 U,600 2.)2 269 
2)0 14? ).~ 12.000 2.15 258 
240 155 ),120 12,600 
250 160 ),e90 ]J,200 .,, 260 lli6 4,050 1),700 ., ., 2?0 1?4 4,200 14,200 ct ., 
rt Cl 280 180 4,)ll() 14,800 &.~ 290 185 4,500 15,)00 GI • ... :i- )00 194 4,650 15,900 li )1.0 200 4,81.C 16,li-OO )20 205 4,960 16,900 
))0 210 5,120 l?,500 
(5) (6) (?) (8) (9) 
)."6 1?9 140.67 ).52 4.95 
).)? 196 1.54.74 ).43 5.31 
).28 20) 168.80 ).)4 ,5.64 
).19 217 182.87 ).25 5.94 
).10 22) 196-~ ).16 6.22 
J.01 2)5 211.01 J.01 6.48 
2.85 234 225.07 2.98 6.11 
2.76 246 239.14 2.89 6.91 
2.67 251 25).21 2.80 1.09 
2.58 258 267.28 2.11 7.24 
2-~ 259 281..)4 • 2.62 7.37 
2.1.t<> 264 295.41 2 • .5) 7.47 . 
2.)2 269 )09.48 2.45 7.58 . 
2.15 258 )23.5.5 2.36 7.64 
)42.00 2.28 7.71 · 
)56.00 2.19 1.19 
370.00 2.11 7.82 -- )85.00 2.02 7.76 -- 400.00 1.93 7.72 412.00 1.8) 7.54 
426.0U 1.75 7.47 
Jf40.00 1.68 7.39 
455.00 1.58 1.19 
470.00 1.49 1.00 
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Table 22. Contin-1~ 
{l) (2) ()) {4) (5) 
-.22 120 58 1 • .340 4,100 J.89 
lJO 6J 1.452 4.600 J.81 
140 68 1,564 4,800 J.73 
150 73 1,675 5,200 J.66 
160 78 l,?W/ .5 ,500 ).58 
170 8J 1.899 5,900 3.51. 
180 f!l 2.on 6,200 J.4) 
190 92 2 , .,., F...?M J.J6 ·- -·. --200 97 2,2)4 6,900 J.28 
210 102 2,346 7,200 J.12 
220 107 2,457 7,700 J.05 
2JO 112 2,569 8,000 2.98 240 117 2,700 8,JOO 
250 121 2,800 8,700 
260 126 2,910 9,000 
270 ]Jl J .020 9,400 
280 lJ6 J,120 9.800 
290 l.41 J,260 10.100 
• .)CO 146 3,380 10,300 .. )10 151. J.490 10.eoo • )20 156 J.600 ll,200 > .)JO 161. ),?00 n.600 "' JlfO ll,6 J.810 ll.,900 3 .., )SO 170 ),920 12.200 --.-4 )60 175 4,040 12,600 8. • )?0 180 4,1.60 12,900 k )80 18.5 4.280 lJ,JOO 
)90 190 4,400 lJ.600 
400 194 4,SOO 14,000 
410 199 4,600 14.400 
420 204 4,700 14,800 
4JO 209 4,810 15,100 
440 214 4,920 15,400 
450 219 5,020 15.800 
460 22) 5,120 16.100 
(5) (6) (?) (8) (9) 
J.S9 161 110.5.3 3.96 4.,38 
J.81 175 119.74 J.88 4.65 
J.7) 179 128.95 J.80 4.90 
).66 189 1)8.16 J.73 5.1, 
J.58 197 147.)? ).65 .5.)8 
J.51 207 .l.56.58 J.58 5.61 
J.4J 213 165.eo 3.50 s.eo 
J • .36 225 175.01 ).42 6.00 
J.28 226 184.22 ).Js 6.11 
J.12 225 19).4) J.27 6.J.3 
J.05 2J5 202.64 J.2O 6.48 
2.98 2J? . 211.84 ).lJ 6.6.) -- 221.00 J.05 .6.1.3 -- 2)0.00 2.'11 6.e:S 
240.00 2:90 6.96 
250.00 2.82 1.08 
260.00 ,.72 7.10 
268.00 2.6S 7.10 
276.CO .2.;58 1.12 
285.00 2.48 1.10 
294.00 2.)1 7.10 
)O:,.OC 2.)) ?.08 
.)13.00 2.26 1.01 
)21.00 2.20 ?.06 
.)JO.CO 2.]J 1.os 
)40.00 2 .07 1.os 
350.00 · 2.01 7.0) 
)60.00 1.95 7.00 
)70.00 1.88 6.95 
)80 ,00 1.82 6.90 
)90.00 1.16 6.86 
)99.00 1.11 6.82 
408.00 1.67 6.eo 
416.00 1.61 6.70 
425.00 1.55 6.60 
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XI 
THE RELA.TIVE RANKING OF SWID STRUCTURE ALTERNATIVFS 
Present Worth 
For a specific managed uneven - aged stand with a balanced stand 
structure, the value of soil and growing stock may be appraised by dis-
counting to the present, at a specific rate of interest, the anticipated 
future net incomes from the stand. 
The advisability of maintaining or changing an existing growing 
stock towarc other balanced structures may be based on the present 
worth of anticipated future net incomes resulting from the contemplated 
alternative courses of action. 
A range of stand structures may be considered as suitable lo ng-term 
alternatives for any given stand structure. The ranking of these 
alternatives should be based on the relative magnitude of the present 
worth value conferred upon the existing stand through the managed shift 
to, and the eventual maintenance of, these alternative structures. The 
managed shift would be facilitated by the coordination of the periodic 
harvest cut, periodic stand growth, and stand structures. 
To shift a given stand to one containing a greater volume or value 
of growing stock, or greater periodic grcmtb,would require the rein-
vestment of a portion of the current periodic growth into growing stock. 
Shilts to stand structures with smaller volume or value of growing 
stock with possibly lower periodic growth but greater percentage growth 
increase would. necessitate the periodic harvest of a volune greater 
than existing periodic growth. 
The rate of interest used in the present worth calculations should 
also conceivably affect tne relative ranking of the alternatives. The 
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rate of interest does affect the "rotation of maximum soil rent" for 
even-aged stands; a high rate favors short over long rotations. It 
seems logical to presume interest rate would also be a factor in the 
relative ranking of stand structure alternatives for uneven-aged stands. 
were: 
Basic Assumptions to be U:.ad in Ranking Alternatives 
Certain assumptions were ma.de applicable to all alterm.tives . They 
L Stand management would be on a continuous 10-year cutting 
cycle basis • 
2. Changes in future :income and costs due to general shifts in 
the economy would affect equally all al te ma ti ves ; consequently, 
the relative rankings would not change. On the otner hand, if 
future differential changes of costs and prices occur with 
respect to trees in different diareter classes, then any rela-
tive ranking previously established would be altered. 
3. Where the shift to an alternative structure requires an invest-
ment of a portion of the growth, fifty percent of the current 
periodic growth would be retained as growing stock in each 
cutting cycle and this proportion of growth would contirrue to 
be retained each cutting cycle thereafter until the shift has 
been accomplisned. After the adjustment, the harvest would 
equal the growth. The current periodic growth to be used in 
the adjustment would be the average of the existing and 
alternative structures. 
4. Where the shift requires a reduction in growing stock, two and 
one-half times the average current periodic growth of the two 
structures would be harvested at each cutting cycle and would 
contirru.e for as many cutting cycles required to facilitate 
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the change. After the adjustment, the harvest cut would equal 
the growth. 
5. The predicted growth figures calculated for tnese stands for 
the period 1953 to 1963 would be used in the present worth 
analysis .. -Future climate changes might affect the applica-
bility of these data, but any changes would affect equally all 
alternatives but not change their relative ranking. 
6. The present worth calculations would involve discounting to the 
present of one finite series of periodic net incomes represent-
ing the build-up or reduction of growing stock, and one infinite 




growth of the alternative structure. The net incomes used 
would be the conversion su~lus values. Area development 
costs, taxes, etc., would be considered identical for all 
alternatives and consequently not included in the analysis. The 
following time diagram and formulae illustrate the met.nod of 
calculation: 
b 
n period of m years 
I a a a a I I I I 











n ,.. «J 
periods of m years 
each. 
a= dollar value of periodic cut du.ring adjustment period 
b = dollar value of periodic cut which is equal to periodic 
growth 
m = number of years in cutting cycle 
n = number of cutting cycles 
i = interest rate 
a (l+l.. no-1) Present wortn,.. a+ __________ _ 
(l+i) nm(l+i m_l) 
b 




In order to prepare a ranking of al 'terna ti ve structures for an 
existing stand, this stand was projected to all possible structures 
within the range of structures theoretically possible in the stratum 
and a present worth calculation made for each. Tb.ere are almost an 
infinite number of possible alternative structures if sma.11 increment 
of stand structure changes were to be considered. To simplify the 
selection, stand structures were varied by- increments of .02 for the 'a' 
coefficients anct 10 for the 'k' coefficients, resulting in 70 alterna-
tive structures. Table 22, pages llJ to ll6, presents a summary of the 
stand and growth characteristics for these 70 alternative structures. 
Col!l.puter Program. An IBM 1620 computer program was prepared to make 
these calculations. The flow-chart for the program is presented as 
Fig,rre 8, Appenaix. The ma.chine program is presented in Table 26 in 
the Appendix. The fol.lowing in-put data were used: 
Existing structure: 1.. Per acre growing stock conversion surplus 
value 
2. Per acre periodic value growth. 
-
Alternative structure: 
lo Per acre growing stock conversion surplus 
values 
2. Per acre periodic value growth 
J. 'a' and 'k' values for identification of 
alternative structures 
4. Interest rate. 
Example. Trial. l• As an example, the average stand structure for the 
existing stratum is 1a 1 -.1916 and 1k 1 = 148 and this stand is pro-
jected to the 70 alternative structures listed in Table 22 using three 
rates of interest, i.e., one percent, three percent, and six percent. 
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The computer out-put table (Table 28, Appendix) lists the present worth 
value per acre for each of these shifts. Graph 23, page 122, shows the 
curved values at six percent and one percent taken from the compiter 
out-put tables. For all th r ee interest rates, an identical structure 
\Vith an 1a I of - .20 and 1k 1 of 180 is the ranking alternative, there-
fore indicating it to be -the most probable long-term stand structure 
goal for the existing structure. The rate of interest used in the 
calculation does not appear to affect the rel.a tive ranking. The char-
acteristics of the existing structure and potentially optimum structure 
are compared in Table 23 . 
Table 23. Comparison of the characteristics of the existing structure 




Basal area per acre 
4n to 32" D.B.H. 
Cubic feet volume per acre 
6n to 32" D.B.H. 
Board feet volume per acre 
12" to 32" D.B.H. 
Conversion surplus per acre 
12" to 32" D.B.H. 
Annual growth per acre 
12" to 32" D.B.H. 
Stand structllrE! characteristics 
Potentially optinnlm 











115 square f eet 
2781 cubic feet 
9400 board feet 
$253.21 
$7 .09 
251 board feet 
The shift to the desired structure requires a reduction in stand 
conversion surplus value of $1.49 per acre for trees 12- to )?-inches 
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Present worth values per acre for structure 'a'= -.1916, 'k' = l4l 
at one percent and silt percent interest, tor Engelmann spruce-su'bal1 
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'k' coelf'1cient 
l' = - .1916, 'k' = 148, as the result of shifts to all al.ternative stand 
tigelmann spruce-subalpine fir, uneven-aged stratum, University Forest. 
< 
12J 
will be assumed to grow at the average rate of the two structures. In 
this case the average 10-year growth would be $66 • 70 + $70 • 90 • $68. 8o 
2 
per acre o This average growth plus the present difference of $1.49 
will be removed during the adjustment period. The length of this period 
will be approximated as: 
$68 .Box + $1.49 
68.Bo x 2.50 
X periods 
= X periods 
z .015 or . 15 years. 
Therefore, the cut for the first cutting cycle will be at the rate 
of 2.5 times the average growth of . the two structures for .015 of the 
cycle, and equivalent to the growth of the desired structure for .985 of 
the cycle. The cut per acre for the first cycle wUl be: 
.015 x 6$.80 x 2.50 + .985 x 70.90 c 2.57 + 69.84 = $72.49. 
This cut, expressed in board feet for trees 12- to 32-inches D.B.H. will 
be: 
.015 X ( 2510 ; 2470) X 2.50 + .985 X 2510 = 97.5 + 2472 • 
2569 board feet per acre. 
On the other hand~ should the shift involve a build-up of growing 
stock, the number of 10-year cutting cycles required to facilitate the 
change would be determined by dividing the average value growth of the 
actual and desired structures into the difference in stand va lue of the 
two structures. In the above example, if the value t o be added to grow-
ing stock was $200 per acre rather than a reduction of $0.50 per acre, 
and if the value growth were as stated, the number of periods to 
accomplish this build-up would approximate at: 
$68.Box - $200 168.Bo x .50 "" X periods 
- $200. - 36.40X 
5.68 = X or 56.8 years . 
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In this case the cut for the first cutting cycle would be .So times 
the average periodic value growth of the two structures, or $68.80 x .So 
or $34040 per acr-e. 'fue equivalent board foot volume would be: 
2SlO + 2470;x oSO = 1245 board feet per acre. 
2 
The detailed example in Section XII, beginning page 126, will serve 
to illustrate the complete procedure for the calculation and allocation 
of the allowable cut to facilitate the shift of a given stand structu:!.'e 
to a potentially optimum structure. 
Summary-of Ranking of Alternative Structures 
;.., Fortran computer program (Appendix) was prepared to direct the 
IBM 1620 computer to calculate the present worth of a stand projected to 
all possible structures within the theoretical range of ecologically 
sound structures in the stratum. The per acre stand conversion surplus 
values and the per acre 10-year value growth were the needed information 
for the stands in question. The values for the alternative structures 
are listed in Table 22, pages 113 to 116. The illustration on pages 123 
and 124 shows a present worth evaluation of shifts of a given stand to 
all possible alternative structures. In this illustration the use of 
different rates of interest had no effect on the ranking of the alterna-
tive courses of action. 
In application to the management of a specific working group, the 
subcompartment ;vould be the basis for the choice of alternative courses 
of action. The harvest cutting would implement the shift. The total 
harvest cut during the cutting cycle for the working group would be . the 
sum of the volumes harvested from all subcompa.rtments in the group. The 
total allowable cut would be very easy to calculate, being 50 percent of 
the current periodic growth from subcompartments in which the growing 
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stock is to be increased, and two and one-half the periodic gro,vth from 
those subcompartments in which growing stock volume is to be reduced. 
The big task would be the marld.ng of this cut to implement the shi:ft. 
This procedure is illustrated in the next section, beginning on page 126. 
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XII 
lLilJSTRATION OF THE CALCUIATIONS TO FACILITATE THE SHIFT 
OF AN EXISTING STAND STmJCTURE TO A FOTENTIALLY 
OPrIMUM S'l'RIJC'IDRE 
The following illustration shows the calculations to provide a 
basis for marking instructions to facilitate the shift in the stand 
structure of a given stand to an alternative stand structure represent-
ing a poteiftially optimum structure. 
Steps in Procedure 
A. One subcompa.rtment in Compartment 6 is an une·1en-aged, 
Engelmann spruce-subalpine fir stand which is fairly 
uni.form in stocking. It is classified as SFl.,. The area 
of the stand is 40 acres. 
The stand table for the subcompe.rtment is available. 
The frequency data are plotted on semi-logarithmic pa.per 
and a wear to conform fairly closely to the I j I shaped 
distribution. A "least square fit" of the data to the 
exponential £unction y .. ke-ax is ma.de and the tat coef-
ficient is -.10 and the 'kt coefficient is 60. 
. From the table describing range and stand character-
istics of the structures we find the following information 
about the average conditions in this stand, which are: 
Stand: 1a 1 .. -.10 tk 1 .. 60 
Basal area per acre • 208 square feet 
Board foot volume per acre a 27,800 Scribner 
Conversion surplus value per acre= $841 
10-year periodic growth prediction c 2530 board feet 
10-year periodic growth prediction= $82.40 
B. The periodic value growth data for the stand was used as · 
an inpit value in the 1620 program present worth calcula-
tion. The stand was projected or reduced to all theoreti-
cally possible alternative structures within the uneven 
aged spruce-fir stratum. The alternative structure 
showing the greatest potential present worth value was one 
with an tat of -.16 and a 'k' of 150. This structure has 
the following characteristics: 
Basal area per acre "' 177 square feet 
Board foot volume per acre c 18,100 board feet 
Conversion surplus value per acre c $510 
10-year periodic volume growth prediction e 2896 
board feet 
10-year periodic value growth prediction c $89.30 
127 
C. Since the shift from .10-60 to .16-150 involves a reduction 
in value of the grm7 ing stock, the periodic cut (10-year 
cutting cycle) to be made will remove 250 p<:rcent of the 
average periodic value a nd volume growth of the two struc-
tures. The average value growth is $82.40 + $89.30 n 
$85.80 per acre. The cut will be 2o50 times thi~ 525 28 6 $21).67 per acre. The average volume growth is 3 2 9 
e 2n3. The cut will be 2.5 times this, or 6782 board 
feet per acre. The difference in conversion surplus value 
per acre between the t\,o structures is $8U - $51.0 or, 
$331. The number of periodic cu ts req1.1ired to make the 
full adjustment will. be: 
(Average growth per period) x (number of periods) + 031) i= 
Average cut per period 





number of periods 
= X 
= $213.67X - $85.BoX 
= 2.6 10-year cycles or 
26 years 
D. How will this periodic cut be distri.buted over the ·mer-
chantable diameter classes at each cyclic cut to gradually 
change the structure to a.16Jc150 over the next 2.6 cycles? 
1. To answer this important question we will approximate 
the total. excess growing stock values by diameter 
classes at the end of this first cycle if no cutting 
is made. The proportion of the total excess value per 
acre by diama ter classes will provide a clue to tne 
proportion o:r the cut to be removed by diameter 
classes in this first cuto 
2. We first project the present stand 10 years into the 
future. The diameter growth data will be that per 
diameter class for the 11::lO to 220 square foot per acre 
basal area density class. The stand projection method 
utilizing the 'q I ratio will be used to determine the 
percentage increase in each diameter class. 
!at of .10 equals a 1q I ratio of 1.222 = 8 2a 
Average annual Average 10-year Periodic D.B.H. diameter diameter growth 
class ~row1h ~rowth ~rcent 
4 .049 -49 
(qd/c - 1) x 100 percent 
5.1 
6 .o.54 .54 5.5 
8 .058 .58 increase in number of 6.0 
10 .063 .63 trees 6.5 
12 .068 .68 q = 1q I ratio 1.0 
14 .073 • 73 d = periodic diameter 7.5 16 .078 .78 growth in inches 8.1 
18 .083 .BJ C = diameter class interval 8.6 









percent class growth 
(l.222° 49/ 2 -1} X 100 
5.1 percent 

















This computation to be ma.de 
for each D.B.R. class using 
its 10-year diameter growt h 
data. 





































































4. Comparison of projected existing structure and desired 
ultimate structure. This will permit the determination 
of surplus growing stock after 10 years if no cut is 
ma.de. The proportion of this surplus volume in each 
diameter class will provide the clue as to how the 
periodic cut of 6,782 board feet will be distributed for 
the first periodic cut. 































































No. of trees e:r acre per tree 
Stand average Total 
structure Projected board ft. volume 
D.B.H. for stand Differ- local vol. per 
class .16-150 .10-6o ence table acre Percent 
22 4.5 7 .20 +2. 70 437.2 1,18o.4 9.3 
24 3.5 5.95 +2.45 524.8 1,285.8 10.1 
26 2.35 4.87 +2-52 735.8 1,854.2 14.5 
28 1.72 4.06 +2.34 897.7 2,101 16.7 
30 1.23 3.34 +2.11 1076.8 2,272 17.8 
32 .87 2.75 +l.87 1262.6 2z348 18.4 
12,726 100 
s. Distribution of the cut of 6782 board feet per acre 
by diameter classes in first cutting cycle 
Proportion of cut Volume of No. of trees 
D.B.H. by diameter classes cut No. of trees cut on 
class ~rcenta~e- e:r acre ~r acre cut 40 acres 
16 1.7 115 .74 29.7 
l.8 4.6 312 lJ.2% 1.27 so.9 31.5% 
20 6.9 468 1.41 56.2 
22 9.3 632 1.44 57.6 
24 10.1 685 33.9% 1.30 52.1 31.5% 
20 14.5 984 1.33 53.3 
28 16.7 1138 1.25 so.a 
30 17.8 1205 52.9% 1.12 44.8 31..0% 
32 18.4 1245 _!22 39.6 
Totals 100 6784 100 % 10.85 434.2 100 % 
E. Summary-s Cut per acre 6782 b-:.,;.rd feet 
Tot al cut in subcomparlment 271,000 board .feet 
Conversion surplus val11e per acre of cut 
Conversion surpl.us value on 40 acres 
Area road development cost on the 
subcomIJ3.rtment $2,000 
Log transportation at $10 per M. bd. ft. 
10 X 6. 782M X 40 $2,710 
Profit margin of operation $5 per M. 










$9.15 per M! 
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Growing stoc1C structure just before the second cy-:::lic cut 


















Present stand table 














































F. Graph 24 depicts the shi.I.'t rrom an enstiug structure (dash 
line) to the ultimate desired structure (solid line). The 
existing structure pl.us periodic growth is snown by the 
short dasned l.ine. The cross hatched area indicates the 
excess growing stock at the end of the first cycle if no 
cut were ma.de. The dash-dot line indicates ~he growing 
stock at the end of the first cycle if a cut had been made. 
Corrections for mortality ha.ve no_t been incl.uded in this 
illustration. 
At the time or the second cut, 10 years hence, a 
similar calculation orocedure would be made to determine 
how the 6782 board f~et per acre would be distrib.J.ted by 
diameter classes. 
At the start of the third cycle, 6782 board feet per 
acre will no l.onger be the correct volume per acre to cut. 
Since 2.6 cycles were estimated to be required to reduce 
the growing stock to the 'a': -.16, ik, = 150 structure, 
and t\vo cycles have already been usedJ only .6 or the tnird 
cycle will be tneoretically needed to complete the growing 
stock reduction, After tnis the cut will be equal. to tne 
grovrth or tne 1a' = -.16, 'k' • lSO ::rtruct·..Lni. Therefore, 
tne cut for the third cycle will presuma.oly be: .6 x 2.5 x 
the average periodic growth of both structures plus .4 -~ 
t.~e periodic grO\'lth of the 1a 1 = -ol6, 1k 1 = l~O s~ructure 
or .6 :c 2.'.;> x 2·rlj + .4 :c 2097 or uO96 + 115tl or 52~4 board 
ft:?et per acre. 
Subse91ent cuu,ing cyci.es will remove a volume per acre equivale nt 
to the growth of the 1a' = -.16, 'k' = 150 structure. This growth is 







4 8 12 
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Structure 'a'= 0.16, 'k' = 150 
Structure 1a 1 = -.10, 'k' = 60 
Structure 1a 1 = .10, 'k' = 60 plus 
periodic growth (10 years) 
Structure after first cut 
Hatched area= excess growing stock 
at the end of first cycle if no 
cut had been made (mortality not 
accounted for) 
16 20 24 28 32 36 
D.B.H. classes--inches 
Illustration of the shift from 'a' s ..... 10, 'k 1 • 60 to 
'a'• -.16, 'k' = 150; time estimated to make shift in 
structure is 2.6 10-year cutting cycles. 
132 
cyclic cut will continu.e until such time as a reanalysis of long range 
stand objectives are made due to changed conversion surplus values in 
relation to tree D.BoH. classeso 
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XIII 
SUMMARY AND CONCLUSIONS 
Purpose 
The purpose of this study was to determine the theoretical Nnge of 
balanced stand structures in the uneven-aged stratum of the Engelmann 
spruce-subalpine fir type on the Utah State University Forest. The 
assumption is that struct-u.res within this range are ecologically stable 
and can be maintained or shifted within this range through regulatory 
harvesting operatior:"'• In addition, the study was to provide a method 
for the selection of stand structure goals for any existing stand within 
this range of structures. 
Range of Stand Structures 
Possible Methods to Obtain Range of Structures 
There were several possible ways to obtain stand structure data to 
permit the delineation of this range of structures. One method involved 
a 100 percent tally of all trees by D.B. H. classes on a series of 20- to 
30-acre areas in relatively ,.indist1.1rbed natural stands, a method employed 
by H. Arthur Meyer in his study of structures in the beech-birch-maple-
heml.ock type in northern Pennsylvania and elsewhere. 'These large plots 
were established in virgin stands within the forest type throughout the 
region where such undisturbed stands were still available for study. 
One disadvantage of the method lay in its subjectivity thus precluding 
any statistical determination of the rel.a tive dispersion of structures 
in the type. This information is needed to set limits to the range. 
Another disadvantage, if applied to the University Forest, would be the 
practical difficulty and uncertainty of identification and delineation 
homogeneous stand conditions within this uneven-aged stratum. 
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Another approach to the problem woul.d be the random selection of 
point locations in the stratum and the establishment of a two- to three-
acre plot at each point. Plots of this size are large enough to provide 
adequate diameter class frequency data to describe stand structure. The 
data could be subject to statistical analysis for the determination of 
dispersion and setting of limits to the range of structures. But the 
method would require a special field study involving the tally of trees 
on a total. of 40 to 60 acres. It was the plan, on the other hand, to 
avoid a special field study for this purpose. It was hoped t.he necessary 
data could be obtained from existing forest inventory plots. 
Still another approach would be the random selection of a number of 
individuai cruise plots and the pooling of t.he data into a diameter 
class distribution. The data from a number of randomly located plots 
would serve as an unbiased estimate of the average structure in the 
stratum, and from this data the dispersion measuring sampling error 
could a:Lso be obtained. With the sampling error of ti).e mean known, the 
dispersion of stand structures about the mean structure could be esti-
mated and thereby the range of structures determined. But there is a 
disadvantage to this approach; the pooling of the randomly selected plot 
data might bring together stand conditions which could not occur natur-
ally and th.ere by result in stand structures 7li th no sound ecological 
basis. In fact, the random selection of five one-quarter acre plots 
from a population of 274 plots could have 1.24 x 10 9 possible combinations. 
Obviously some of these combinations could be ecological impossibilities. 
The Method Used. The method decided upon for the investigation was the 
random selection of five contiguous one-quarter acre inventory plots. 
Such a grouping of systematically spaced plots would provide a suitable 
sample of stand conditions in the immediate area. It has ths advantage 
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of using existing crv.i.se plot data, making unnecessary a separate field 
project. It has one disadvantage, however, in a situation where the 
inventory plots had been randomly instead of systematically located in 
the stratum. It would be almost impossible to make an unbiased grouping 
of five cruise plots. Fortunately, the inventory plots on the Univer-
sity Forest were systematically spaced at five by five chain intervals. 
Therefore, each set of five contiguous plots sampled an area of approxi-
mately 12.S acres, an area of sufficient size to include almost all 
D.B.H. classes and to provide the data necessary for · well fitted fre-
quency distribution curve. 
Consequently, a total of 21 sets of five contiguous cruise plots 
were selected at random from 115 such sets in the stratum. Data from 
the sets provided an unbiased estimate of the dispersion of stand 
structures about the mean stand structure of the stratum. 
The diameter class frequency data from the sample sets were fitted 
to the exponential function y "" k-ax by the "method of' least squares." 
The correlation coefficient !r2' rather than by Chi Square fit was used 
to measure the effectiveness of the regression line. The regress i on 
coefficient measures the degree of relationship of the data to the 
equation. It was conveniently computed from the ''least square" comp.i-
tations. Nineteen of the 21 sets of data had 1r 21 values greater than 
.85; the lowest was .61. 
Limits to Range of Structures 
The limits of the range of structures were determined from the 
deviation or variance of two fBrameters of the distributions: (1) the 
slope of the function,· 'a', and (2) the relative height of the distri-
bution expressed by the number of trees per acre of the average diameter 
of the distribution, 'Y!.'. The dispersion of each of the parameters 
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about its mean 'Talue could be assumed to be normal, and this assumption 
was made for the 'a' coefficient. To test the nonnality of the 'a' 
coefficient would have required many more than 20 values of 'a', and 
each required a least square fit of a set of data. However, in the case 
of the 'Yx' parameter, a study had been made from 200 sets of five-plots 
to ascertain the dispersion of number of trees of each diameter class, 
and this distribution proved to be positively skewed. The skewness •,1as 
identified through the 'methods of moment's' and Pearson's Alpha and 
Beta values; the confidence limits were set accordingly. Actually, if 
this :p:lrameter had been assumed to have been normally distributed, it 
would have affected only sl.ightly the limits at the five percent confi-
dence level; hc;;9ver, at the one percent level the lower limit would 
have given a minus value which could not be plotted on a logarithmic 
scale. Consequently, the lower limit could not have been plotted on 
the semi-log transposition of the exponential function. 
The limits about the mean distribution were located by assuming: 
(1) at aey value of y%, the slope could not be greater nor less than the 
upper and lower limits of 'a', and (2) the values of y_ could not be 
X 
greater nor less than its upper and lower confidence limits. In other 
words, the frequency distributions represented by the transposed expo-
nential functions pivoted at their center or the 'Y-' value,·and this 
X 
pivot pcin~ shuts throughout the confidence limits of y_. This concept 
X 
is in confonnity with the bivariate ana.lysis described by Snedecor 
(1958)0 From this infonn.ation the ma.ximwn and miniIIlllm 1k' values for 
any slope '.a I were calculated, permitting the tabulation of the range of 
1k I values for any 'a', as well as the range of 'a I va lues. 
Testing Theoretical Range of Structures 
The theoretical range of structures was tested by obtaining the 
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'a' and 'k' values from a 100 percent true tally by diameter classes for 
three subjectively selected stands. Two of the stands fell within the 
predicted range, the third did not. The third was in an area immediately 
adjoining even-aged 1.odge-pole pine stands and appeared to have been 
affected by the same fire which favored the establishment of the pine. 
It had more the ai'.)pearance of an even .... ged stand but yet fitted the 'j 1 
sha~d distribution. There were no trees larger than 22- inches D.B.H. 
The 1a 1 coefficient was too large to fit into the range for the stratum. 
The area was selected with the judgement that it was an extreme structure 
containing a small volume of grO\'ling stock, and with a great preponder-
ance of trees in the smaller diameter classes. Possibly a larger number 
of test areas should have been measured to further test the validity of 
the range of structures developed for the stratum. 
Calculation of Stand Volume and Value 
Stand Frequency Data 
The use of the stand frequency data to calculate stand basal area, 
cubic and board foot volumes, and conversion surplus value was a straight 
forward repetitive computational procedure. The volume and value of 
individual trees in each diameter cl.ass multiplied by- the number of 
trees in the respective diameter classes and added together provided the 
growing stock volumes and values. The factual data for tree diameter 
cl.asses were selected to be representative of the area and the propor-
tion of StScies in each diam~ter class . Aspen trees were included in 
the tree frequency stand tables and all basal area calculations, but by 
the adjustment of average tree volumes and values hy diameter classes 
in relation to the proportion of aspen in each diameter class they were 
eliminated from the cubic foot, board foot, and conversion surplus 
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values calculations. This was done because the aspen in this area has 
no market and consequently no finished product value and would not be 
considered in the valuation of any stand structure. 
Cubic and Board Foot Volume and Conversion Surplus Value 
_ The cubic foot and boo.rd foot local volume table data were obtained 
from the forest stratum by standard mensurational techniques. The con-
version surplus value data were compiled from subregional average 
figures on cost and return for Engelmann spruce and true firs. Ideally, 
conversion surplus data should come from studies in the working circle 
i tsel.f, but this could not be done. Values obtained from regional 
operational areas, showing the relative difference in values between 
tree diameter classes,_ were considered suitable for the purpose of 
showing the relative ranking of the potentials of the "Various structures. 
The stand volumes and values for the range of structures were found 
to be linearly related for each 'a' slope in the range of the 'k' 
values; consequently, a calculation of these values for the maximum and 
minimum 'k' for each 'a I slope permitted the values for all the struc-
tures to be plotted. HOlfever, the growth and growth percentage valttes 
are not so uniform and were calculated for each of the structures. 
Therefore, the 1620 IBM ma.chine program was used to calculate both 
growing stock and growth values. The program calculated the values for 
a block of structures, and these were later extrapolated to establish 
values for structures protruding from this block of structures. A more 
sophisticated program cottld have been pre~red with instructions to 
procede between the 'k' limits for each 'a' coefficient for the range of 
structures. 
Growth 
The calcul.a.tion of the growth values for the different structures 
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require reliabl.e d jameter growth data by diameter classes for structures 
of differing density. The di.a.meter growth data were obtained from a 
point density sampling procedure. Diameter growth by D.B.H. classes 
data were separated and pooled for each of the four stand density 
classes. The 1.620 IBM program was so written that only one set of 
diameter grOlfth data could be used as input and yielded a set of growth 
outpi.t figures for the range of structures. It was necessary to run the 
program four times; each ti.me a different set of diameter growth data 
was used. The growth for each structure was selected from the 11outp.1t 
set" run under the applicable diameter growth data. A more sophisticated 
program would have permitted a number of sets of d~neter growth d. ta to 
be held in machine storage from which the program would select and apply 
to structures of applicable basal area stand density. With such a 
program, a fami.~ of D.B.H. diameter growth curves drawn for smaller 
intervals of stand density cou1d have been prei:s,red and used in the pro-
gram. This wou1d have provided a mo~ valid basis for the plotted 
percentage growth curves for the different structures. 
Relative Ranking of Stand Structures 
Present ~forth 
By means of present worth calculations, a measure of the financ~l 
efficiency of the decision to project any given structure to any other 
structure within the · range was made. These calculations were based on 
certain assumptions: (1) the relationship between growing stock and 
growth conversion surplus values would not change over time, and this in 
turn was based on the assumption that the relative value of trees in the 
range of diameter cl~ _ses would not change over time. A value change 
between diameter classes could actually occur due to changes in the 
proportion of defect or decay losses, and in differences in utilization 
of wood products for trees of different species and sizes; (2) the shift 
to a structure with a smaller growing stock value would be accomplished 
by the harvesting 2.5 times the average periodic value growth of the t,,vo 
structures, and the shift to a structure of greater E70Wing stock value 
would be acco mplished by the harvest of .5 times the average periodic 
value growth of the two structures. Any change in this assumption w otll d 
change present worth value and the relative ranking of alternative 
potential structures. A slower reduction of growing stock would tend 
to favor structures with higher growing stock values and greater 
periodic growth. 
In the management of uneven-Qged working groups, the subcompartments, 
or individual stands, are the basis for determination of the allowable 
cut and development of the optimum growing stock. The allowable harvest 
for the working group would come from the operable stands within it. A 
long term growing stock and sta 'lCi structure goals would be selected for 
each subcompartment. Periodic cuts would work toward adjusting the 
existing stands to the long term goal. at which time cut will be equal to 
growth. Any changes in the relative val~ of the growing stock compo-
nents might require the recasting of the long term goal. The progress 
toward the goal would require a shift, cutting cycle by cutting cycle, 
in stand structure through the removal of variable proportions of volume 
and value from the merchantable diaueter classes . The selection of 
this volume from the diameter classes would, of course, be based on 
health, vigor, and competitive stand position of the individual trees. 
An example has been presented illustrating this shift along Ylith marking 
instructions by which it might be implemented. 
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Figure 7. Flow chart, stand structure characteristics. IBM 1620 
computer, Fortran vrith Forcom subroutine. Prepared by Gwen Wiser, 
Applied St-.tistics Department, Utah State University. 
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Table 24. Stand structure calculations program for IBM 1620 computer, 
Fortran with Forcom subroutine (prepared by Miss Gwen Wiser, 
Depa1·tment of Applied Statistics, Utah State University, 
Logan, Utah} 
Dtun?eyeCDS(l.O) 
Dimension Q(ll), 86(11,15), DI(l5), VOLU(l5), DOV(l5) 
5 IF (SENSE SWITCH 1) 2, 1 
1 IX> 3 J=1,15 
3 RF.AD 12, VOIJJ(J}, OOV(J) 
2 IX) 4 J,.:1,15 
4 EEA.D 13, DI(J) 
A=-30 
DO ·r r .. 1,11 
Q ( I } .. EXP( 2. Oil-A) 
00 6 J .. l,15 
6 B6(I,J)=(Q(I)~(DI(J)/2.0)-1.0}*l00.0 
7 A=A-.02 
20 F1Cc2JO .O 
nnm.1::uT(10330.o} 
DO 10 L•l,21 
A-=-30 
DUJ.WY.FUT(l0802.0) 






SDVI .. O.O 
X:4.o 






V0L.Y*V0LU ( J) 
SVOL.SVOL+VOL 
































Table 25. Computer program input data, IBM 1620 computer, Fortran with 
Fore om subroutine, for Engelmann spruce-subalpine fir uneven-
aged stratum, University Forest 
1. Two alternatives: (a) cubic feet autl (b) board feet volume 
Cubic feet volume and value Board feet volume and value 
6n to 32" D.B.H. 1211 to 32" D.B.H. 
Per tree $ per cu. ft. Per tree $ per bd. ft. 
D.B.H. Vol V(J} DOV(J} Vol V(J) OOV(J) 
4 o.oo .ooo 0.00 o.oo 
6 2.05 .ooo 
8 5.76 .ooo 
10 11.83 .ooo 
12 20.02 .041 56.l 0.01451 
14 29.24 .058 88.8 0.01901 
16 41..86 .091 155.8 0.02454 
18 56-57 .123 245.5 0.02833 
20 72ol4 .137 332.1 0.02969 
22 89.27 .l.49 437.2 0.03042 
24 107 .62 .153 524.8 0.0314.3 
26 125.49 .195 735.8 0.0333.3 
28 143.00 .208 897.7 0.03308 
30 161.41 .226 1076.8 0.03382 
32 180.09 .229 1262.6 0.03263 
2. Annual dia~ter growth--inches D.B.H., O.B., DI(J) 
Growth curve Growth curve Growth curve Growth curve 
A B C D 
60-99 sq. ft. 100-139 sq. ft. 140-179 sq. ft. 180-220 sq. ft. 
DBH B.A.-acre B.A.-acre B .A .-140-180 B .A..-acre 
4 0.1514 0.1121 0.0830 0.0488 
6 0.1,16 0.1147 0.0870 O.O$J6 
8 0.1539 0.1173 0.0910 0.0584 
10 0.1551 0.1200 0.0951 0.0633 
12 0.1564 0.1226 0.0991 0.0681 
14 0.1576 0.1252 0.1031 0.0729 
16 0.1588 0.1279 0.1071 0.0777 
18 0.1601 0.1305 0.1111 0.0825 
20 0.1613 0.1331 0.1157 0.0873 
22 0.1626 0.1358 0.1191 0.0921 
24 0.1638 0.1384 0.1231 0.0969 
26 0.1650 0.1410 0.1272 0.101 8 
28 0.1663 0.1437 0.1312 0.1066 
30 0.1675 o.1463 0.1352 0.11.l.4 
32 0.1688 o.1489 0.1392 0.1172 
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Figure 8. Fl.ow chart, present worth calculations. IBM 1620 Fortran. 
'Prepared by Gwen i'liser, Applied Statistics Department, Utah 
State University . 
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Table 26. Present worth calculations program for IBM 1620 
Fortran (prepared by Gwen \Viser, Department of 
Applied Statistics, Utah State University, 
Logan, Utah) 
1.A.COO(l.) 
14 DillENSION Al(71) ,AK(71), V2(71) ,GV2(71) 















GO 'ro 7 
6 AN..0.0 
7 




FPif .CPR/ (BFW'*DPii} 
IF(V2(I}-Vl}9,l0,8 
8 
GO '00 11 
9 1W -EiW +I)ll-F PH +D 
GO TO 11 
10 PW-EPir 




IF(SENSE SWITCH 1)2,12 
12 IF(SENSE SWITCH 2)3,13 
13 oo ro 14 
END 
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Table 27. Comp.iter program input datas IBM 1620 Fortra ·n; present 
worth calculations !or Engelmann spruce-subalpine fir, 
umven-aged stratum, University Forest 
A. Existing Structure: source: Table 22, pages ll.3 ;;o ll6 or stand data 
from stand table and growth data obtained for 
field sampling or stand. 
Value per acre of 
growing stock 
12" to .32" 
D.B.H. 
dollars 
B. Alternative Structures 1 
Value per acre 0£ 
growing stock 
1211 to .3211 
D.B.B. 
dollars 
10-year growth of 
growing stock 
1211 to .32n 
D.B.H. 
dollars 
sources Table 22, pages ll.3 to 116 
gV2 
10-year growth or 
growing stock 
12 11 to .32n 
D.B.H. 
dollars 
These values for all the theoretical structures 









C. Interest Rate 1 
'k I 
.30 to 6o 
30 to 90 
40 to 120 
6o to 170 
8o to 230 
110 to .330 
140 to 460 
.oi - .OJ, .06, .01 
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Taole 2d. Computer output data for present worth per acrt: computations 
for Engelmann spruce-suba.J.pine fir, uneven-aged si;ratum, 
University- Forest (existing stand: 'a 1 = -.1.)116, ;jj: 1 "' 148; 
· value of growing stock, 12-inches D.B.H. "'$2>4 V; value of 
10-year periodic grow~h = $60.70 gV) 
Alternate structures Present worth 
'-a I 'k' V gV 1% 3% 6% 
.10 JO 420 59.7 528.28 153.41 76.02 
.10 40 56o 77.9 587.12 157.59 82.80 
.10 so 701 86.2 573. 75 156.49 86.72 
.10 60 841. 82.4 500.76 147.69 84.42 
.12 30 259 53.4 589.28 232.87 l43.28 
.12 40 346 68.6 663.04 200.13 99.67 
.12 50 432 74.7 646.3[l 180.83 86.67 
.12 60 518 80.9 635.67 169.39 85.67 
.12 70 605 84.7 611.26 162.16 86.36 
.12 Bo 691 85.7 574.96 156.43 86.46 
.12 90 777 84.o 530.14 150. 83 85.36 
-14 40 215 52.4 655.35 3c,o.74 206.70 
.14 50 269 62.0 671.05 255.31 148.85 
.14 60 323 70.2 700.15 230.06 11.3. 24 
.14 70 377 76.9 712.40 2ll.52 98.78 
-14 80 431 81.9 709.46 197 .02 92.75 
.14 90 465 86.3 702.99 187.39 90.97 
.14 100 539 88.4 680.21 178.02 89.89 
• 14 110 593 89.5 653,31 170.74 89.40 
-14 120 647 89.2 620.23 164.24 . 88.69 
.16 6o 204 55.7 695.16 316.78 215.20 
.16 70 238 62.4 706.co 342.46 236.39 .16 80 272 68.3 734 •. 27 276.03 158.SG 
.16 90 306 73.S 750.55 256.45 130.81 .16 100 340 77.9 758 .10 239.91 114.54 .16 110 374 82.0 762.72 227.05 105.32 .16 120 408 84.9 756.66 214.76 99.35 .16 130 442 87.1 745.38 204.12 95.67 .16 140 476 88.6 729 .42 194.76 93.33 .16 150 510 89.3 708.44 186.24 91.65 .16 16o 544 89.3 603.79 178.55 90.32 .16 170 578 88.5 655.17 171.36 89.03 .18 Bo 174 53.6 681.18 311.87 208.66 .18 90 196 58.3 726.04 329.05 221.69 .18 100 217 62.6 767.83 345.58 234-92 .18 110 239 66.S 805.77 361.09 248.45 :18· 120 261 69.9 763.86 297.08 179.48 .18 130 283 72.9 769.99 279 ._G3 153.56 .1a 140 304 75.5 772.97 265.39 136.03 .18 150 326 77.6 769.93 25G.92 122.36 .18 160 348 79.3 763.36 237.80 112.40 .18 170 370 80.6 753.55 225.83 105.08 .18 180 391 81.4 740. 75 215.17 99.76 .18 190 413 81.8 724·.24 204. 77 95.47 
157 
Table_28. Continued 
Alternate structures Present worth 
'-a I 'k' V gV 1% 3% 6% 
.18 200 435 81.8 705.21 195.17 92.14 
.18 210 457 81.3 683.05 186.09 89.40 
.18 220 478 8o.4 659-~9 177 .95 87.12 
.18 230 500 78.5 628.77 168.99 84.74 .20 110 155 53.1 681.45 312.29 206.95 
.20 120 169 56.4 712.93 324.17 21$.46 
.20 130 183 59.4 741.66 335.22 223.80 
.20 140 197 62.2 768.63 345.82 232.ll .20 150 211 64.8 793.77 355.90 240.42 .20 160 225 67.1 81.5 .91. 364.98 248.41 .20 170 239 69.1 8J4.97 372.98 256.oS .20 18o 253 70.9 852.0:L 380.32 263.58 .20 190 267 72.4 783.41. 298.67 175.24 .20 200 281 73. 7 780.62 285.28 157. 74 .20 210 295 74.7 774.91. 272.36 143-36 
.20 220 309 75.8 770.46 261.25 132.16 
.20 230 324 76.4 760.21. 248.89 121..87 .22 140 129 49.0 645.80 299.35 197.03 .22 150 138 51.5 669.46 308.03 202.86 
.22 160 147 53.8 691.28 316.13 208.l,4 
.22 170 157 56.l 713.07 324.32 214.28 
.22 180 166 58.o 731.07 331.17 219.34 .22 190 175 6o.O 750.)3 338.60 224.86 .22 200 184 61.7 766.51 344.93 229.82 .22 210 193 63.3 781.74 350.96 234-71 .22 220 203 64.8 795-76 356.60 239.63 .22 230 212 66.3 810.16 362.45 244.66 
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Table 29. Site index table prepared by the u. S. Fo:::est Service, Region 
Four, for all species except lodgepole pine 
Diameter Ra~e in hei~ht for diameter classes by sites 
breast high S IT ES 
in inches 1a 2 3 4 5 65 
Over Under 
4 40 36- 40 28- 35 23- 27 15- 22· 15 
5 49 43- 49 3.5- 43 28- 34 19- 27 19 
6 57 .50- 57 41- 49 32- 40 22- 31 22 
7 65 56- 65 46- 5.5 37- 45 2.5- 36 25 
8 73 62- 73 51- 61 41.- so 28- 40 28 
9 80 68- 80 57- 67 45- 56 Jl- 44 31 
10 87 74- 87 62- n 49- 61 35- 48 35 
ll 94 80- 94 67- 79 53- 66 38- 52 38 
12 101 86-101 72- 85 57- 71 41- 56 41 
13 108 92-108 77- 91 61- 76 43- 60 43 
14 ll4 97-ll4 81- 96 65- 80 46- 64 46 
15 120 103-120 86-102 68- 85 49- 67 49 
16 126 108-126 90-107 71- 89 52- 70 .52 
17 132 113-132 94-112 75- 93 54- 74 54 
18 138 u8-138 98-117 78- 97 57- 77 .57 19 143 123-143 102-122 81-101 .59- 80 59 
20 148 127-148 106-126 84-105 62- 83 62 
21 ,153 131-153 109-130 87-100 64- 86 64 22 158 135-158 112-134 90-111 66- 89 66 
23 162 138-162 115-137 92-114 68- 91 68 
24 166 141-166 118-140 94-117 70- 93 70 
2~ 169 144-169 120-143 96-119 71- 95 71 
26 172 146-172 122-145 97-121 72- 96 72 
27 173 148- 173 124-147 98-123 73- 97 73 28 174 149-174 125-148 99-124 74- 98 74 
29 175 150-175 125-149 100-124 74- 99 74 
30 175 151-175 126-150 100-125 75-100 75 
Cner Tot.Ht. 175 151-175 126-150 100-125 75-100 75 3011 Mer.Ht. 
16 1 togs 10 8½ - 10 6 - 8 4½ - 5½ 3 - 4 3 
~eldom, if ever, found in Region Four. 
eldom, if ever, merchantable timber. 
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Table 30. Site index table prepared by the U. s. Forest 














Range in height in feet by diameter classes 













15 to 24 
30 to 47 
40 to 62 
49 to 73 
56 to 82 
62 to 88 
67 to 94 
73 to 99 
76 to 102 
79 to 105 
81 to 1.08 























Examples: A tree 14-inches D.B .H. and over 94 feet 
total height indicates Site I; ~tween 67 feet and 94 feet 
total height indicates Site II; and under 66 feet total 
height indicates Site III. 
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